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Abstract 
Wild kokanee in Franklin D. Roosevelt Lake, commonly known as Lake Roosevelt, 
comprise an essential part of the fishery in Lake Roosevelt. The salmon population in 
Lake Roosevelt plays a vital role in the local ecosystem, and also is a major source of 
socioeconomic income for the surrounding areas of eastern Washington. There are many 
gaps in the managers’ knowledge of this wild population of kokanee in Lake Roosevelt. 
In 2008 we initiated a four year study to determine 1) the seasonal reservoir use areas by 
kokanee, 2) monitor the thermal and depth experience of kokanee throughout the year, 3) 
determine the extent water temperatures effect these movements, 4) monitor the extent 
reservoir dynamics effect the population, and 5) identify spawning migration patterns.  
 In 2010, we caught and tagged 25 wild, unclipped kokanee during the month of 
February. These fish were tagged with Vemco V9TP-2x tags that were equipped with 
temperature and depth sensors. The initial post-surgery survival in 2010 was 68%, 
therefore, 23 fish were monitored by 25 Vemco VR2w receivers.  
Kokanee numbers 20 and 21 were never detected during this study, which could 
have been due to tag failure, or dying in an undetected area of the reservoir. The kokanee 
primarily used the lower third of the reservoir, with only one fish moving above the 
confluence of the Spokane River. The Sanpoil River was utilized by 5 fish (22%) during 
the spring and summer. The average distance traveled by each of the 23 kokanee was 
30.0 km over an average of 93.3 days in the fishery.  
 Spring diel vertical migration patterns were noticed in 15 kokanee (65%) in which 
kokanee were near the surface during dawn and dusk possibly to feed, and then dove 
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down to 15 – 30 m during the daytime hours. Summer diel vertical migration patterns 
were identified in 2 fish (9%). The summer pattern was a reversal of the spring pattern 
where kokanee tended to swim near the surface during the daytime hours, and dove down 
50 m or more during the nighttime, possibly seeking cold-water, potentially in an effort to 
to achieve metabolic homeostasis. This pattern started once refilling of Lake Roosevelt 
began in May 2010. Once the reservoir began to refill, Lake Roosevelt became more 
lentic, which allows water temperature to rise faster.  
 During reservoir drawdown, the kokanee tended to show a preference to move 
downstream with the current. This could have been due to kokanee following their 
zooplankton prey as they were moved downstream in the current. During refill, the 2 
kokanee that were still being actively tracked did not have a preference for moving 
upstream or downstream. One fish moved upstream, and the other moved downstream. 
Three fish were documented entraining over Grand Coulee Dam, with an additional 7 fish 
showing a similar pattern of entrainment. These 7 fish were last detected near the forebay 
of Grand Coulee Dam, but were not detected at the Rufus Woods receiver below Grand 
Coulee Dam.  
 No primary spawning locations were found during this study. However, one 
kokanee did make a 292.8 km migration from Grand Coulee Dam up to Hugh 
Keenleyside Dam in British Columbia, Canada. This fish made the migration in 26 days 
at an average pace of 11.3 km per day. It was presumed that this fish was returning to its 
natal tributary in the Arrow Lakes but was blocked from passing Hugh Keenleyside Dam.   
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 Introduction 
Kokanee salmon (Oncorhynchus nerka) represent a major fishery in Franklin D. 
Roosevelt Lake (Lake Roosevelt) and in the Pacific Northwest (Rieman and Meyers 
1992; Modde et al. 1997; Taylor et al. 2000). Anadromous salmon and steelhead 
(Oncorhynchus mykiss) runs into the upper Columbia River were blocked by the 
construction of Grand Coulee Dam in 1939 (Northwest Power Planning Council 1987). 
Since 1987, rainbow trout and kokanee salmon have been stocked into Lake Roosevelt as 
partial mitigation for the loss of these anadromous runs. Kokanee were the preferred 
species because they would provide a salmon fishery for the Colville Confederated Tribes 
and the Spokane Tribe of Indians, as well as a sport fishery for the many anglers in the 
area. The stocking of kokanee would also provide much-needed nutrients to a depleted 
ecosystem that was once sustained by decomposing salmon carcasses (McLellan and 
Scholz 2001). According to the Lake Roosevelt Fisheries Guiding Document, one of the 
primary goals for the managers is to provide a viable and sustainable salmon fishery in 
Lake Roosevelt that can be utilized by the local Indian Tribes and sport anglers (LRMT 
2009).  
Lee et al. in 2010 estimated the economic value of the Lake Roosevelt fishery 
between $1.34 and $1.76 million annually between 2005 and 2007. Rainbow trout, 
walleye, smallmouth bass and kokanee are the four most targeted fish species by anglers 
in Lake Roosevelt (Lee et al. 2010).  About 70 % of kokanee in the creel surveys 
however, are of wild origin (Lee et al. 2010). It is expected that there would be more 
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hatchery kokanee in the creel surveys because of the abundance of hatchery fish that are 
stocked into Lake Roosevelt each year.  
Natural recruitment to the wild population is theorized to be limited due to the 
annual drawdown of water in Lake Roosevelt of 15-24 m, which would de-water most 
redds that are created during the fall and winter spawning seasons on the shorelines of the 
reservoir (McLellan and Scholz 2010). However, recent genetics studies have shown that 
Lake Roosevelt potentially has a wild spawning population of kokanee that are distinct 
from the Upper Columbia River stocks found in Canada (Kassler and Loxterman 2006; 
Kassler et al. 2010).  
In the mid 1990’s it was clear that there were gaps in the data for limnetic 
oriented fish like kokanee, rainbow trout, and lake whitefish (Coregonus clupeaformis) 
because most of the surveys that occurred throughout Lake Roosevelt were concentrated 
on the littoral zone and the fish that inhabit this zone (Cichosz et al. 1997; Cichosz et al. 
1999; Baldwin and Woller 2006a, 2006b). In 1998, Washington Department of Fish and 
Wildlife performed hydroacoustic surveys to try and figure out more about the limnetic 
fish populations. They used these surveys, along with a bioenergetics model, to suggest 
limiting factors for kokanee. These limiting factors focused on predation, food limitation, 
entrainment, and abiotic influences like water temperature and dissolved oxygen 
(Baldwin and Woller 2006a, 2006b). These surveys found that water temperatures were 
in the preferred range for kokanee and other limnetic fish (below 16°C) until August and 
September, when the temperature ranged from 17-23°C as deep as 50 m (Baldwin and 
Woller 2006a, 2006b). Creel surveys also showed that wild kokanee were concentrated in 
the lower third of the reservoir, and caught below 50 m deep by anglers in August, where 
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water temperatures were below 16°C during night surveys (Baldwin and Woller 2006a, 
2006b).  
The data that was shown by these temperature surveys suggests that kokanee must 
make a 50 m or greater diel vertical migration (DVM) to the zooplankton rich photic 
zone to feed. Daphnia makes up the majority of zooplankton biomass (54%) in the 
reservoir, closely followed by Copepoda (45%) and zooplankton biomass was highest in 
the lower third of the reservoir nearest to Grand Coulee Dam (Scofield et al. 2005). The 
high abundance of Daphnia and other zooplankton greatly increase the growth rates and 
size of kokanee in Lake Roosevelt. DVM has been well documented in freshwater, 
juvenile kokanee salmon (Narver 1970; Brett 1971; Eggers 1978; Levy 1987; Clark and 
Levy 1988; Scheuerell and Schindler 2003; Hardiman et al. 2004). Kokanee salmon use 
diel vertical migrations in response to ecological conditions such as light intensity, 
predator influence, and zooplankton productivity (Beauchamp et al. 1997, Stockwell and 
Johnson 1999, and Hardiman et al. 2004). Kokanee are light dependent predators (Doble 
and Eggers 1978, Eggers 1978, Koski and Johnson 2002.) and need enough light to be 
able to detect zooplankton to feed. Kokanee generally migrate to the photic zone at dusk 
to feed, allowing them to have just enough light to see their prey. Once they reach 
satiation, they migrate back down through the water column to seek cold-water refuges 
where they can optimally digest their prey and maintain homeostasis (Brett 1971, 
Hardiman 2004).  
There is also an antipredation window theory that states that kokanee, especially 
juveniles, will migrate to deep water to avoid detection by predators that are in the 
epilimnion (Levy 1987, Paragamian and Bowels 1995, Stockwell and Johnson 1999, 
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Scheuerell and Schindler 2003). Walleye are a voracious predator and have been 
documented as major consumers of kokanee in Lake Roosevelt (Baldwin et al. 2003; 
Stroud et al. 2010). It is likely that a combination of exploiting an antipredation window, 
increasing metabolic efficiency, and maximizing foraging opportunities controls the 
timing and changes in amplitude of kokanee DVM (Scheuerell and Schindler 2003).  
Preliminary genetic results have indicated that wild kokanee in Lake Roosevelt 
are closely related to the upriver Canadian stocks in British Columbia (LeClaire et al. 
2000; Loxterman and Young 2003). Recently, Kassler has shown that the wild kokanee 
from Lake Roosevelt are genetically differentiated from upriver Canadian stocks, as well 
as kokanee from surrounding bodies of water like Lake Couer D’Alene, Lake Pend 
Oreille, and Christina Lake (Kassler 2010). This indicates that natural recruitment of 
kokanee is occurring within Lake Roosevelt and it is likely that there are deep-water 
spawning grounds, rather than spawning occurring in tributary mouths. Many of the 
major tributaries to Lake Roosevelt have been monitored via boat electrofishing by the 
Eastern Washington University Fisheries Research Center since 1997 and no large 
spawning congregations have been found. Unmarked, wild kokanee catch rates have been 
very low during the fall spawning season (McLellan and Scholz 2010). Small groups of 
usually five or less are captured at some tributaries including Whitestone, Hawk, 
Enterprise, Alder, McCoys, Hunters, Big Sheep, Crown, and Orazada creeks as well as 
the Sanpoil and Colville Rivers (McLellan and Scholz 2010).  The majority of wild 
kokanee (<10 annually) have been captured at Hawk Creek (McLellan et al. 2008). With 
so few wild fish captured per year there is insufficient egg production to maintain a 
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population of wild kokanee, so it is theorized that deep-water spawning grounds are used 
by kokanee somewhere in the reservoir.  
There are gaps in the manager’s knowledge about kokanee and their behavior in 
this particular reservoir. These gaps that could be affecting kokanee behavior and 
survival include: predation, entrainment, origin, spawning locations, time, size and age of 
recruitment to Lake Roosevelt, and spatial and temporal use of the reservoir during the 
critical summer months (McLellan and Scholz 2010). Additional data is needed during 
the summer months so that the thermal challenges that kokanee meet can be put into a 
bioenergetics model for the reservoir. The proper thermal experience is necessary to 
obtain a baseline metabolic rate throughout the year. Once managers know metabolic 
rates, they can estimate the carrying capacity of Lake Roosevelt and thereby manage the 
densities of kokanee in the reservoir.  
 
In 2008 we initiated a four year study to determine 1) the seasonal reservoir use 
areas by kokanee, 2) monitor the thermal and depth experience of kokanee throughout the 
year, 3) determine the extent water temperatures effect these movements, 4) monitor the 
extent reservoir dynamics effect the population, and 5) identify spawning migration 
patterns. We monitored these fish by implanting acoustic transmitters equipped with 
temperature and depth sensors in 25 wild kokanee, and passively tracking their 
movements throughout the year with deployable receivers. Here, I report on the results of 
the third year (2010) of this study. 
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Methods 
Kokanee Sampling 2010 
Kokanee sampling took place in the lower third of the reservoir from Grand 
Coulee Dam upriver to Keller Ferry. All the kokanee were collected via angling by 
Eastern Washington University biologists, Washington Department of Fish and Wildlife 
biologists, Spokane Tribe of Indians biologists, Colville Confederated Tribes biologists, 
and volunteer anglers. In 2010, we sampled on February 9
th
, 10
th
, and 16
th
 and captured 
twenty-five unclipped kokanee. All kokanee were greater than 350 mm in length. These 
twenty-five fish were implanted with acoustic transmitters and their movements were 
tracked for one year.  
Once an angler hooked a kokanee, the fish was brought on-board the boat via soft 
rubber net to reduce scale loss and placed in a cool, well oxygenated livewell. A marine 
radio or a cell phone was used to contact the designated Eastern Washington University 
surgery boat and the fish were transferred to the oxygenated livewell of the EWU boat. 
Care was taken to reduce stress of the fish during the boat-to-boat transfer.  
Once on the surgery boat, the fish was anesthetized with CO2 buffered with a 
sodium bicarbonate (NaHCO3). Kokanee were anesthetized with 240-265 mg/L of CO2 
for three to five minutes (Loch 1991) and lengths (mm) and weights (g) were taken. The 
fish were placed dorsal fin down on a water soaked foam pad inside a cut out of a similar 
sized fish. The fish received a constant maintenance solution of a lower concentration of 
CO2 and lake water through a gravity fed tube from a bucket throughout the surgery. This 
maintenance solution helped keep oxygen and water flowing over the gills of the fish 
during the surgery to reduce stress and keep the fish in a calm state. 
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An incision approximately 2 cm long was made between the pelvic and pectoral 
fins just above the ventral side of the fish. The acoustic transmitter was placed inside the 
body cavity. Absorbable monofilament sutures (Ethicon Z423H; PDS-II; 3-0; FS-2) and a 
simple suture technique were used to close the wound after the tag was inside the body 
cavity. The incision area was blotted dry with a towel and treated with Nexaband, a 
veterinarian grade liquid Band-Aid, to ensure wound closure. A hole punch was used to 
take a DNA sample from the dorsal fin of the fish for analysis. This sample was labeled 
and sent to the Colville Confederated Tribes as a part of the genetic assessment of 
kokanee in Lake Roosevelt. The fish was then placed back into the oxygenated livewell 
so that it could recover from being anesthetized. All tools were cleaned using 90% 
ethanol and rinsed in distilled water before and after each were used.  
Acoustic Tags 
Twenty-five Vemco V9TP-2x tags were used to track wild kokanee. These tags 
were equipped with depth and temperature sensors. Each tag had three codes that were 
detected; one for depth, one for temperature, and one to identify each individual fish. The 
temperature sensor detects temperatures ranging from -5 to 35°C. The depth sensor was 
able to record depths up to 100 m. Each tag had a 60 – 180 second nominal delay and 
weighed approximately 3.5 g in water. The battery life expectancy for each tag was 
estimated at 492 days.  
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Figure 1. Map of Lake Roosevelt from Grand Coulee Dam up to the Canadian Border. Circled 
area shows where sampling was focused in 2010 in the lower third of the reservoir. 
Plum Point 
Swawilla Basin 
Keller Ferry 
Whitestone 
Spring Canyon 
Rufus Woods Receiver 
Hugh Keenleyside Dam 
Hawk Creek 
9 
 
 
VR2w Deployable Receivers 
Vemco’s VR2w is a fully submerged receiver unit that continuously monitors an 
area for Vemco hydroacoustic tags on a certain frequency. The VR2w receivers have an 
omnidirectional hydrophone that records the time, date, and identity of a tag within the 
zone of detection (McLellan and Scholz 2010; Huepel et al. 2006). 
The array on the lower third of the reservoir has increased from five receivers in 
2008, to the 25 receiver array that we used in 2010. We have buoys from Grand Coulee 
Dam to Castle Rock, above the confluence of the Spokane River. There are two receivers 
in the Spokane River and three receivers in the Sanpoil River. There is also one receiver 
15 km downstream of Grand Coulee Dam at the Seaton’s Grove boat launch. The 
receivers are placed about two km apart to increase the detection rates of each fish. The 
receivers are estimated to have a 1.0 km detection radius. The lower array covered 88.2 
km of the Columbia River, 12.9 km of the Sanpoil River, and 15.9 km of the Spokane 
River.  
Each receiver was attached to a white, can buoy (Rolyan Buoys B1452) with 
reflective tape, and equipped with a solar light. The receiver was attached to the buoy 
using quarter inch permaflex cable. The buoy was anchored to the bottom of the reservoir 
using quarter inch permaflex cable, a ten-foot section of stainless steel chain, and a 300 
lb. anchor. All the components were attached to each other using stainless steel hardware 
to prevent rusting. The VR2w was attached to the buoy using the permaflex cable and a 
quick link was used to hold the anchor line and the receiver lines together. The quick link 
slid down the anchor line and held the receiver in place, but slid up the anchor line when 
we needed to grab the receiver from the surface of the water.  
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The lower reservoir array was developed with assistance from the Chief Joseph 
Kokanee Enhancement Project (BPA 1995-50-1100). The Lake Roosevelt Sturgeon 
Recovery Project (BPA 1995-50-2800) created an array of 16 VR2 and VR2w receivers 
from the Spokane River, north to the Canadian border. This array was designed to track 
the movements of white sturgeon (Acipenser transmontanus). In addition, researchers in 
British Columbia, Canada also has 14 VR2 and VR2w receivers deployed in the 
Columbia River between the border and Hugh Keenleyside Dam (56.0 km north of the 
border).  
Range Testing 
Preliminary range testing was conducted in 2009 on a subset of the VR2w 
receiver array. In order to test the estimated range for these receivers, the receiver 
coordinates were entered into a mapping program. Then I measured 0.25 km increments 
away from the receiver and created waypoints. These 0.25 km waypoints were made 
from the receiver towards each shoreline. Once I had the coordinates for each 0.25 km 
increment, I uploaded those coordinates into our GPS system on our boat, which allowed 
me to drive to the set location and sample each set of increments for each buoy.  
The Vemco range testing tag emits a signal every 5 seconds instead of every 60-
180 seconds like our fish tags emit.  The receivers were tested at three depths: the bottom 
of the reservoir, middle of the water column, and near the surface of the water. These 
depths were chosen to simulate a fish swimming at any water depth at any given time 
during the study period. The bottom depth for each increment was assessed using our 
depth finder on the boat. The test tag was lowered on an anchored rope that was marked 
at each meter. The middle depth was determined by halving the total maximum depth at 
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each testing location, and the near surface location was 1-2 m below the surface of the 
water. The tag was at each depth for 10 minutes for a total of 30 minutes at each 0.25 km 
increment.  
After each buoy was range tested, the data was downloaded into Vemco’s VUE 
program, and then exported into Excel for further analysis. This analysis included an 
efficacy evaluation of buoys to determine which buoys might have lower detection rates 
than expected. The efficacy was determined by dividing the number of expected buoys a 
fish would encounter during daily movements by the number of observed buoys that the 
fish was actually detected at. This gave a percentage of detection success and showed 
which buoys showed lower detection rates throughout the 2010 study period.  
Data Analysis 
Each download of the receivers was stored and maintained in Vemco’s VUE 
program. Data was exported to Microsoft Excel and SigmaPlot 11 for analysis. For each 
fish, if sufficient data was available, depth and temperature profiles were constructed. 
The seasonal movements and reservoir usage were also analyzed for each fish. The 
maximum distance traveled upriver and the maximum distance traveled downriver were 
calculated for each fish to show movement throughout the study period. Maximum depth 
achieved was also analyzed for each fish. Each fish that was detected into the summer 
was analyzed for diel vertical migration patterns which were then correlated with water 
temperature. Data was also analyzed to reveal possible spawning areas used by wild 
kokanee in the fall.          
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Table 1. Tag specifications for the Vemco V9TP-2x temperature and depth tags implanted into kokanee, 2010  
Fish Estimated Date 
Number Min (sec) Max (sec) Life Sensor Type Range Slope Intercept Implanted
V9-2x 1084537 49025 1303 69 R64K 320 20 5 5 36 Range Testing
V9TP-2x 11084512 1 170 1105 69 S256 360 20 60 180 492 Temperature -5 to 35C 0.1569 -5.000 2/9/2010
V9TP-2x 21084512 1 171 1105 69 S256 360 20 60 180 492 Pressure 100m 0.4397 -1.7587 2/9/2010
V9TP-2x 1084512 1 27209 1303 69 R64K 320 20 60 180 492 2/9/2010
V9TP-2x 11084513 2 172 1105 69 S256 360 20 60 180 492 Temperature -5 to 35C 0.1569 -5.000 2/9/2010
V9TP-2x 21084513 2 173 1105 69 S256 360 20 60 180 492 Pressure 100m 0.4397 -1.7587 2/9/2010
V9TP-2x 1084513 2 27210 1303 69 R64K 320 20 60 180 492 2/9/2010
V9TP-2x 11084514 3 174 1105 69 S256 360 20 60 180 492 Temperature -5 to 35C 0.1569 -5.000 2/9/2010
V9TP-2x 21084514 3 175 1105 69 S256 360 20 60 180 492 Pressure 100m 0.4397 -1.7587 2/9/2010
V9TP-2x 1084514 3 27211 1303 69 R64K 320 20 60 180 492 2/9/2010
V9TP-2x 11084515 4 176 1105 69 S256 360 20 60 180 492 Temperature -5 to 35C 0.1569 -5.000 2/9/2010
V9TP-2x 21084515 4 177 1105 69 S256 360 20 60 180 492 Pressure 100m 0.4397 -1.7587 2/9/2010
V9TP-2x 1084515 4 27212 1303 69 R64K 320 20 60 180 492 2/9/2010
V9TP-2x 11084516 5 178 1105 69 S256 360 20 60 180 492 Temperature -5 to 35C 0.1569 -5.000 2/9/2010
V9TP-2x 21084516 5 179 1105 69 S256 360 20 60 180 492 Pressure 100m 0.4397 -1.7587 2/9/2010
V9TP-2x 1084516 5 27213 1303 69 R64K 320 20 60 180 492 2/9/2010
V9TP-2x 11084517 6 180 1105 69 S256 360 20 60 180 492 Temperature -5 to 35C 0.1569 -5.000 2/9/2010
V9TP-2x 21084517 6 181 1105 69 S256 360 20 60 180 492 Pressure 100m 0.4397 -1.7587 2/9/2010
V9TP-2x 1084517 6 27214 1303 69 R64K 320 20 60 180 492 2/9/2010
V9TP-2x 11084518 7 182 1105 69 S256 360 20 60 180 492 Temperature -5 to 35C 0.1569 -5.000 2/9/2010
V9TP-2x 21084518 7 183 1105 69 S256 360 20 60 180 492 Pressure 100m 0.4397 -1.7587 2/9/2010
V9TP-2x 1084518 7 27215 1303 69 R64K 320 20 60 180 492 2/9/2010
V9TP-2x 11084519 8 184 1105 69 S256 360 20 60 180 492 Temperature -5 to 35C 0.1569 -5.000 2/9/2010
V9TP-2x 21084519 8 185 1105 69 S256 360 20 60 180 492 Pressure 100m 0.4397 -1.7587 2/9/2010
V9TP-2x 1084519 8 27216 1303 69 R64K 320 20 60 180 492 2/9/2010
V9TP-2x 11084520 9 186 1105 69 S256 360 20 60 180 492 Temperature -5 to 35C 0.1569 -5.000 2/9/2012
V9TP-2x 21084520 9 187 1105 69 S256 360 20 60 180 492 Pressure 100m 0.4397 -1.7587 2/9/2012
V9TP-2x 1084520 9 27217 1303 69 R64K 320 20 60 180 492 2/9/2012
V9TP-2x 11084521 10 188 1105 69 S256 360 20 60 180 492 Temperature -5 to 35C 0.1569 -5.000 2/10/2010
V9TP-2x 21084521 10 189 1105 69 S256 360 20 60 180 492 Pressure 100m 0.4397 -1.7587 2/10/2010
V9TP-2x 1084521 10 27218 1303 69 R64K 320 20 60 180 492 2/10/2010
V9TP-2x 11084522 11 190 1105 69 S256 360 20 60 180 492 Temperature -5 to 35C 0.1569 -5.000 2/10/2010
V9TP-2x 21084522 11 191 1105 69 S256 360 20 60 180 492 Pressure 100m 0.4397 -1.7587 2/10/2010
V9TP-2x 1084522 11 27219 1303 69 R64K 320 20 60 180 492 2/10/2010
V9TP-2x 11084523 12 192 1105 69 S256 360 20 60 180 492 Temperature -5 to 35C 0.1569 -5.000 2/10/2010
V9TP-2x 21084523 12 193 1105 69 S256 360 20 60 180 492 Pressure 100m 0.4397 -1.7587 2/10/2010
V9TP-2x 1084523 12 27220 1303 69 R64K 320 20 60 180 492 2/10/2010
Bin
Transmit Interval Sensor (if applicable to tag type)
Tag Family Serial No. ID Code VUE Coding Type Freq (kHz) Type Sync
13 
 
 
 
Fish Estimated Date 
Number Min (sec) Max (sec) Life Sensor Type Range Slope Intercept Implanted
V9TP-2x 11084524 13 194 1105 69 S256 360 20 60 180 492 Temperature -5 to 35C 0.1569 -5.000 2/10/2010
V9TP-2x 21084524 13 195 1105 69 S256 360 20 60 180 492 Pressure 100m 0.4397 -1.7587 2/10/2010
V9TP-2x 1084524 13 27221 1303 69 R64K 320 20 60 180 492 2/10/2010
V9TP-2x 11084525 14 196 1105 69 S256 360 20 60 180 492 Temperature -5 to 35C 0.1569 -5.000 2/10/2010
V9TP-2x 21084525 14 197 1105 69 S256 360 20 60 180 492 Pressure 100m 0.4397 -1.7587 2/10/2010
V9TP-2x 1084525 14 27222 1303 69 R64K 320 20 60 180 492 2/10/2010
V9TP-2x 11084526 15 198 1105 69 S256 360 20 60 180 492 Temperature -5 to 35C 0.1569 -5.000 2/10/2010
V9TP-2x 21084526 15 199 1105 69 S256 360 20 60 180 492 Pressure 100m 0.4397 -1.7587 2/10/2010
V9TP-2x 1084526 15 27223 1303 69 R64K 320 20 60 180 492 2/10/2010
V9TP-2x 11084527 16 200 1105 69 S256 360 20 60 180 492 Temperature -5 to 35C 0.1569 -5.000 2/10/2010
V9TP-2x 21084527 16 201 1105 69 S256 360 20 60 180 492 Pressure 100m 0.4397 -1.7587 2/10/2010
V9TP-2x 1084527 16 27224 1303 69 R64K 320 20 60 180 492 2/10/2010
V9TP-2x 11084528 17 202 1105 69 S256 360 20 60 180 492 Temperature -5 to 35C 0.1569 -5.000 2/10/2010
V9TP-2x 21084528 17 203 1105 69 S256 360 20 60 180 492 Pressure 100m 0.4397 -1.7587 2/10/2010
V9TP-2x 1084528 17 27225 1303 69 R64K 320 20 60 180 492 2/10/2010
V9TP-2x 11084529 18 204 1105 69 S256 360 20 60 180 492 Temperature -5 to 35C 0.1569 -5.000 2/10/2010
V9TP-2x 21084529 18 205 1105 69 S256 360 20 60 180 492 Pressure 100m 0.4397 -1.7587 2/10/2010
V9TP-2x 1084529 18 27226 1303 69 R64K 320 20 60 180 492 2/10/2010
V9TP-2x 11084530 19 206 1105 69 S256 360 20 60 180 492 Temperature -5 to 35C 0.1569 -5.000 2/16/2010
V9TP-2x 21084530 19 207 1105 69 S256 360 20 60 180 492 Pressure 100m 0.4397 -1.7587 2/16/2010
V9TP-2x 1084530 19 27227 1303 69 R64K 320 20 60 180 492 2/16/2010
V9TP-2x 11084531 20 208 1105 69 S256 360 20 60 180 492 Temperature -5 to 35C 0.1569 -5.000 2/16/2010
V9TP-2x 21084531 20 209 1105 69 S256 360 20 60 180 492 Pressure 100m 0.4397 -1.7587 2/16/2010
V9TP-2x 1084531 20 27228 1303 69 R64K 320 20 60 180 492 2/16/2010
V9TP-2x 11084532 21 210 1105 69 S256 360 20 60 180 492 Temperature -5 to 35C 0.1569 -5.000 2/16/2010
V9TP-2x 21084532 21 211 1105 69 S256 360 20 60 180 492 Pressure 100m 0.4397 -1.7587 2/16/2010
V9TP-2x 1084532 21 27229 1303 69 R64K 320 20 60 180 492 2/16/2010
V9TP-2x 11084533 22 212 1105 69 S256 360 20 60 180 492 Temperature -5 to 35C 0.1569 -5.000 2/16/2010
V9TP-2x 21084533 22 213 1105 69 S256 360 20 60 180 492 Pressure 100m 0.4397 -1.7587 2/16/2010
V9TP-2x 1084533 22 27230 1303 69 R64K 320 20 60 180 492 2/16/2010
V9TP-2x 11084534 23 214 1105 69 S256 360 20 60 180 492 Temperature -5 to 35C 0.1569 -5.000 2/16/2010
V9TP-2x 21084534 23 215 1105 69 S256 360 20 60 180 492 Pressure 100m 0.4397 -1.7587 2/16/2010
V9TP-2x 1084534 23 27231 1303 69 R64K 320 20 60 180 492 2/16/2010
V9TP-2x 11084535 24 216 1105 69 S256 360 20 60 180 492 Temperature -5 to 35C 0.1569 -5.000 2/16/2010
V9TP-2x 21084535 24 217 1105 69 S256 360 20 60 180 492 Pressure 100m 0.4397 -1.7587 2/16/2010
V9TP-2x 1084535 24 27232 1303 69 R64K 320 20 60 180 492 2/16/2010
V9TP-2x 11084536 25 218 1105 69 S256 360 20 60 180 492 Temperature -5 to 35C 0.1569 -5.000 2/16/2010
V9TP-2x 21084536 25 219 1105 69 S256 360 20 60 180 492 Pressure 100m 0.4397 -1.7587 2/16/2010
V9TP-2x 1084536 25 27233 1303 69 R64K 320 20 60 180 492 2/16/2010
Tag Family Serial No. ID Code VUE Coding Type Freq (kHz) Type Sync Bin
Transmit Interval Sensor (if applicable to tag type)
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Results 
Kokanee Capture Data 
In 2010, twenty-five kokanee were captured and marked in Lake Roosevelt; 
eighteen near Swawilla Basin and Plum Point, six near Camel Rocks, and one near the 
confluence of the Sanpoil River and Lake Roosevelt (Figure 2). The latitude and 
longitude coordinates of each capture location, total length and weight of each fish, 
transmitter serial number, and location, temperature and depth codes for each fish are 
given in Table 2. These twenty-five kokanee were all released close to the vicinity of 
capture after being marked. The mean total length of the marked kokanee was 493 (49 
SD) mm, and the mean weight was 1175 (301 SD) g. Length distribution and 
length/weight relationship of the 25 kokanee tagged in this study are given in Figures 3 
and 4 respectively. 
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Figure 2. Location of kokanee captured in Lake Roosevelt. Green dots indicate 2010 
capture locations.  
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Figure 3. Length distribution of kokanee tagged in 2010.  
 
 
Figure 4. Length/weight relationship for kokanee tagged in 2010. 
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Table 2. Summary of tagged kokanee collected and implanted with V9 hydroacoustic tags in Lake Roosevelt, February, 2010. 
Fish 
Number 
Date 
Tagged 
Capture Location 
Capture 
Latitude 
Capture 
Longitude 
T.L. 
(mm) 
Wt. 
(g) 
Serial 
Number 
ID 
Code 
Temperature 
Code 
Depth 
Code 
1 2/9/2010 Swawilla Basin 47.9527 118.8456 480 980 1084512 27209 170 171 
2 2/9/2010 Swawilla Basin 47.9547 118.8449 562 1608 1084513 27210 172 173 
3 2/9/2010 Spring Canyon 47.9566 118.8679 503 1275 1084514 27211 174 175 
4 2/9/2010 Swawilla Basin 47.9524 118.8491 453 939 1084515 27212 176 177 
5 2/9/2010 Plum Point 47.9496 118.8533 436 735 1084516 27213 178 179 
6 2/9/2010 Swawilla Basin 47.9620 118.8493 360 514 1084517 27214 180 181 
7 2/9/2010 Spring Canyon 47.9614 118.8687 552 1515 1084518 27215 182 183 
8 2/9/2010 Spring Canyon 47.9581 118.8759 531 1429 1084519 27216 184 185 
9 2/9/2010 Spring Canyon 47.9585 118.8744 510 1358 1084520 27217 186 187 
10 2/10/2010 Plum Point 47.9491 118.8598 466 1003 1084521 27218 188 189 
11 2/10/2010 Swawilla Basin 47.9311 118.8306 492 1068 1084522 27219 190 191 
12 2/10/2010 Swawilla Basin 47.9311 118.8306 470 1008 1084523 27220 192 193 
13 2/10/2010 Plum Point 47.9491 118.8598 570 1651 1084524 27221 194 195 
14 2/10/2010 Plum Point 47.9491 118.8598 505 1315 1084525 27222 196 197 
15 2/10/2010 Swawilla Basin 47.9607 118.8530 520 1229 1084526 27223 198 199 
16 2/10/2010 Swawilla Basin 47.9604 118.8611 480 1078 1084527 27224 200 201 
17 2/10/2010 Swawilla Basin 47.9627 118.8535 464 947 1084528 27225 202 203 
18 2/10/2010 Spring Canyon 47.9583 118.8756 555 1675 1084529 27226 204 205 
19 2/16/2010 Camel Rock 47.9008 118.7194 416 753 1084530 27227 206 207 
20 2/16/2010 Camel Rock 47.9018 118.7400 451 890 1084531 27228 208 209 
21 2/16/2010 Sanpoil River Mouth 47.9506 118.6736 485 1134 1084532 27229 210 211 
22 2/16/2010 Camel Rock 47.9065 118.7662 505 1242 1084533 27230 212 213 
23 2/16/2010 Camel Rock 47.9083 118.7506 542 1475 1084534 27231 214 215 
24 2/16/2010 Camel Rock 47.9102 118.7769 481 1132 1084535 27232 216 217 
25 2/16/2010 Camel Rock 47.9102 118.7769 525 1415 1084536 27233 218 219 
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Individual Kokanee Summaries 
 During this study, there were five different patterns that individual fish could be 
categorized into. The first group of fish all fit a similar result during this tagging year. 
Kokanee numbers 1, 2, 8, 10, 13, 16, 18, and 20 all displayed a pattern that was 
interpreted to be post surgery mortality. These results were inferred based on the fish 
being near the bottom of the reservoir while remaining at the same receiver for months 
without movement.  
These fish either died due to natural causes, or delayed mortality due to the 
tagging procedure. They also could have expelled the tag if the incision site came open 
and the tag could have sunk to the bottom of the reservoir. The fish, although highly 
unlikely, could have been caught by anglers and not survived the experience, or the fish 
was caught, gutted on the boat, and the tag was discarded into the water with the entrails 
of the fish. The hypothesis that the fish were harvested is unlikely because our tags had 
contact information on them, and we never received any phone calls from anglers about 
recovering tags in fish. Figures 5, 6, 7, 8, 10, 11, 12, and 13 show the 8 kokanee that 
displayed this type of result. Figure 9 shows the spring diel vertical migration pattern that 
kokanee 10 displayed before it sank to the bottom of the reservoir.  
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Figure 5. Kokanee #1 died soon after release, or experienced tag loss. 
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Figure 6. Kokanee #2 reservoir movements, diel vertical migration patterns, and 
temperature regimes, 2010. This fish died soon after release.  
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Figure 7. Kokanee #8 died soon after release. This fish sank to the bottom and stayed 
there until late August when something happened with the tag. Because no 
movement was shown for six months, this movement was considered an anomaly.  
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Figure 8. Kokanee #10 had unclear movement patterns in late July through mid August. 
This fish was presumed to have died in early March. It also displayed spring diel 
vertical migrations. 
Expanded on next page 
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Figure 9. Kokanee #10 spring diel vertical migration pattern from 20 February through 23 
February 2010. This fish utilized surface waters at night, and 2-4 m depths during 
the daytime hours. 
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Figure 10. Kokanee #13 died soon after release and was detected below 100 m for a 
majority of the study period. 
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Figure 11. Kokanee #16 died soon after release. The temperature profile shows that even 
at 100 m depths, the water is still near kokanee avoidance temperature of 16°C. 
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Figure 12. Kokanee #18 died soon after release. This tagged kokanee sank down to 100 
m and stayed at the same buoy for the remainder of the study. 
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Figure 13. Kokanee #20 was presumed to have died soon after release. The fish recorded 
the same depth of 7 m for three months, and then sank down to 110 m for two 
months. 
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 The second category that kokanee were grouped into was a pattern of entrainment 
without detection. Five fish, numbers 3, 5, 6, 7, and 12, were all lost shortly after release. 
They were last detected near the forebay of Grand Coulee Dam and then were not 
detected anymore throughout the study. These fish could have entrained through Grand 
Coulee Dam without detection, experienced tag failure, or been harvested by anglers in 
the area. Tag failure and angler harvest are highly unlikely, nevertheless cannot be ruled 
out because we have no evidence for the contrary. Figures 14, 15, 16, 17, and 18 show 
the five kokanee that display this pattern of entrainment without detection. 
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Figure 14. Kokanee #3 was only detected for three days post release. It is hypothesized 
that this fish entrained without detection downstream from Grand Coulee Dam. 
This fish was last detected just above the dam. 
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Figure 15. Kokanee #5 was only detected for one day after being released. All detections 
were near the surface. 
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Figure 16. Kokanee #6 was not detected long after release. All movements were near the 
surface in a normal swimming pattern, and then detections were lost for this fish. 
It is possible that this fish also entrained over Grand Coulee Dam without 
detection.   
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Figure 17. Kokanee #7 was only detected for three days post release. 
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Figure 18. Kokanee #12 was only detected for a short period of time after release. This 
fish also displayed evident spring diel vertical migration patterns of being on the 
surface at night, and 2-6 m during the daytime hours. 
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 The third category that kokanee were grouped into were fish that showed regular 
movement for at least a month, and then suddenly died or stopped being detected in the 
reservoir. This pattern fit fish numbers 4, 9, 11, 15, 23, and 25 (n=6). It is unclear of what 
happened with these tagged fish. It is likely that they entrained through Grand Coulee 
Dam without detection, were harvested, or died in an undetected zone in Lake Roosevelt. 
There are many hypotheses that fit these fish, but they seemed to be alive longer than the 
fish from category one or two. They behaved and were detected in a way that we were 
expecting, but for some reason disappeared or died between March and June, 2010. 
Figures 19, 20, 22, 24, 26, and 28 show this pattern for the six kokanee. Figures 21, 23, 
25, and 27 show the spring diel vertical migration pattern expanded for multiple days for 
fish numbers 9, 11, 15, and 23 respectively.  
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Figure 19. Kokanee #4 reservoir movements, diel vertical migration patterns, and 
temperature regimes, 2010. This fish was presumed dead on 28 March. This fish 
was detected in the Sanpoil River in late March. 
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Figure 20. Kokanee #9 was only detected until 24 April. This fish showed a spring diel 
vertical migration pattern. 
Expanded on next page 
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Figure 21. Kokanee #9 spring diel vertical migration pattern. This fish was in deeper 
water (5-10 m) during the daytime hours and at the surface at night. 
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Figure 22. Kokanee #11 showed prolonged spring diel vertical migration patterns in 
2010. As the water temperature rose to near 8°C at the end of April, the fish 
began to dive closer to 10 m. 
Expanded on next page 
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Figure 23. Kokanee #11 spring diel vertical migrations expanded. This fish used surface 
waters at night and dove to 4 m during the daytime. This was over an eight day 
period from 17 February until 23 February, 2010. The x-axis indicates the date 
and time. 
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Figure 24. Kokanee #15 was detected into the critical summer months when water 
temperatures started to rise above their preference temperature. This fish was 
detected making spring and summer diel vertical migration patterns. In June, the 
fish dove down to 92.8 m, going from 13°C surface water to 10°C water. 
 
Expanded on next page 
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Figure 25. Kokanee #15 displayed spring and summer diel vertical migration patterns in 
the above graphs. The top graph shows the shallow spring movements, while the 
lower graph shows the 92.8 m dive during June. 
42 
 
 
Kokanee #23
02/10  03/10  04/10  05/10  06/10  07/10  08/10  09/10  10/10  11/10  12/10  01/11  02/11  
R
iv
e
r 
k
m
950
1000
1050
1100
1150
1200
E
le
v
a
ti
o
n
 (
m
)
382
384
386
388
390
392
394
Columbia River km 
US Border
Spokane River Confluence
Grand Coulee Dam
Elevation 
02/01/10  02/15/10  03/01/10  03/15/10  03/29/10  04/12/10  04/26/10  
D
e
p
th
 (
m
)
0
10
20
30
40
50
60
Date
02/01/10  02/15/10  03/01/10  03/15/10  03/29/10  04/12/10  04/26/10  
T
e
m
p
e
ra
tu
re
 (
°C
)
0
2
4
6
8
10
12
14
16
18
Avoidance Temp
Preference Temp
 
Figure 26. Kokanee #23 showed a strong spring diel vertical migration pattern in 
February and mid-March. This fish went undetected after April 15. 
Expanded on next page 
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Figure 27. Kokanee #23 spring diel vertical migration pattern expanded. 
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Figure 28. Kokanee #25 died in early April. The fish sank down to 80 m, and then finally 
rested at 110 m in September. This fish showed early spring diel vertical 
migration patterns. This fish also used the Sanpoil River during the study. 
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 The fourth category that kokanee numbers 14, 17 and 19 fit into was that of 
confirmed entrainment through Grand Coulee Dam. These fish were detected on the 
Rufus Woods receiver downstream of Grand Coulee Dam. These fish all entrained during 
the initial drawdown event from February to March. Figures 29, 30, and 31 show the 
entrainment event. The last detection point on the top graph for each fish is located below 
the dotted line for Grand Coulee Dam’s river kilometer. This confirms that they were 
detected at the Rufus Woods receiver and we know that they entrained.  
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Figure 29. Kokanee #14 entrained over Grand Coulee Dam and was detected at the Rufus 
Woods buoy below the dam on 12 March. This fish showed spring diel vertical 
migration patterns. 
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Figure 30. Kokanee #17 entrained over Grand Coulee Dam shortly after being released. 
This fish also showed a noticeable spring diel vertical migration pattern. 
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Figure 31. Kokanee # 19 was the third fish that was confirmed to have entrained over 
Grand Coulee Dam. This fish entrained during drawdown. Before entrainment, 
this fish showed a spring diel vertical migration pattern. 
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The final fish, kokanee 24, had the most remarkable detections during the study 
compared to all the other fish. This fish survived from 16 February until 5 September 
2010. After release, this fish made some very interesting movements. The fish stayed in 
the Camel Rocks area until 28 February when it started to head upriver towards the 
Sanpoil River. By 2 March the fish had swam all the way up to 11 Whitestone Creek and 
passed all the buoys along the way including the Sanpoil Mouth. Afterwards, the fish 
made several runs up and downriver between 11 Whitestone Creek and 08 Keller Ferry 
Boat Launch until 12 April. By 22 April the fish swam all the way down to 01 Spring 
Canyon and then started heading back upriver. The fish was detected at 10 Hanson 
Harbor on 3 May and was detected on all the buoys on the way up from 01 Spring 
Canyon. By 15 May the fish had swam all the way back down to 02 Spring Canyon.  
The fish then stayed between 01 Spring Canyon and 05 Plum Point until 4 August 
when the fish started heading upriver towards the Canadian border. By 6 August the fish 
had entered the Sanpoil River and was detected at both the Sanpoil Mouth and Sanpoil 
Middle receivers. The fish did not stay in the Sanpoil River long and quickly went back 
out to the Columbia River and was detected at 13 Halverson Canyon on 12 August. The 
next detection came at the Fort Spokane buoy in the Spokane River on 19 August. The 
fish kept going up the Spokane River until it hit the McCoy's Marina buoy on 20 August, 
then it turned around and headed back out to the Columbia River and back upriver. The 
fish was detected on the Kettle Falls Marina receiver on 28 August after passing multiple 
receivers on the way. By 29 August, the fish had reached the Northport receiver and had 
entered into Canadian waters. By 30 August the fish had migrated all the way up to Hugh 
Keenleyside Dam and was just below the dam for five days. The fish then swam 
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downriver 9.8 km and then back upriver 7.2 km to its final detection just 2.5 km 
downriver from Hugh Keenleyside Dam on 5 September 2010. This fish made quite a 
long migration in one month spanning about 280 km from 4 August until 30 August only 
26 days. This fish was the only tagged wild fish to migrate up to Canada this year. Figure 
32 demonstrates the migration, depth and temperature regimes that this kokanee 
experienced during 2010. 
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Figure 32. Kokanee #24 made a 292.8 km migration from Grand Coulee Dam to Hugh 
Keenleyside Dam in Canada. This fish used the Sanpoil River and the Spokane 
River during the migration.  
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Post-Surgery Survival 
Of the 25 kokanee tagged during this study, eight fish died soon after release or 
are thought to have had issues during the tagging process that could have caused 
mortality. Kokanee survival averaged 68 % post-surgery in 2010. The survival rate was 
lower in 2010 as compared with 76 % in 2009 (McLellan and Scholz, 2010), and 89 % in 
2008 (McLellan and Scholz, 2010). This post-surgery mortality was higher than 
expected, but these fish underwent many different stressful events during the capture and 
tagging process.  
All of our kokanee were tagged during the cold month of February when water 
temperatures ranged from 2.2°C on the 9
th
 and 10
th
, to 2.4°C on the 16
th
. With 
temperatures near freezing, the fish might have had a hard time recovering from the stress 
of being caught and tagged. In 2010, we used CO2 buffered with sodium bicarbonate to 
anesthetize our fish. We let our CO2 aerate in a 30L bucket for 30 seconds and then 
buffered the water with 3 tablespoons of NaHCO3. This concentration was reduced by 
half in our maintenance solution to keep the fish partially anesthetized during the tagging 
process. With a trial and error method for our first fish, we quickly were able to get the 
anesthetic correct, which should have cut down on the mortality. After tagging, 23 fish 
were detected during the study. Manual tracking was performed at the release sites of 
numbers 21 and 22, but the tags were never detected. 
Possible Tag Loss, Harvest, or Entrainment    
Of the 23 fish detected, 18 of fish were detected with normal, healthy movement 
patterns when they were first released in February. Many of the fish however, did not 
have normal swimming patterns after the month of April. It seems like there was a large 
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drop in active fish movements after March and April for all fish but numbers 15, 20 
(inactive after mid-June), and 24 (inactive after 5 September). This drop in activity is 
unusual and confusing, but could be attributed to a delayed mortality. This was viewed in 
two ways; sudden disappearance of the tag from the receiver array, or prolonged pinging 
from one station, usually near the bottom of the reservoir.  
The fish that were observed swimming in a normal pattern and then disappeared 
suddenly not to be found by passive or manual tracking either; 1) experienced tag failure, 
2) entrained over Grand Coulee Dam and were not detected on the Rufus Woods receiver 
downriver from the dam, 3) migrated into a tributary that was not monitored, or 4) were 
harvested. Because all of the fish disappeared before summer, it is unlikely that they 
migrated into a tributary to spawn, because they would have migrated too early to 
coincide with spawning that occurred during mid August to late November. There were 
many fish that disappeared which suggests that tag failure might not have been the main 
reason for loss of detection. Having that many tags fail would be highly unlikely, 
although, because numbers 21 and 22 were never detected once, tag failure is a probable 
cause for their lack of detection.  
For four fish, I hypothesize that another angler harvested them after being tagged. 
They were typically seen swimming near the surface during the daytime hours and then 
disappeared with no further detections. These fish were both released in popular areas 
utilized by anglers who target kokanee. This pattern fit fish numbers 5, 7, 9, and 12. This, 
however, cannot be confirmed because we received no confirmation or phone calls from 
anyone about harvesting a tagged fish. Each tag had a contact phone number for our 
office printed on the side of the tag just in case anyone ever found one. Having never 
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received a phone call or tag returned to Eastern Washington University, I can hypothesize 
that harvest did not occur. A more likely reason for loss of tags is entrainment over Grand 
Coulee Dam. It has been shown by LeClaire (1998) that kokanee that entrained over 
Grand Coulee Dam tended to do so while near the surface of the water.  
Fish in 2010 were also detected swimming with normal diel patterns and then 
suddenly dropped to the bottom of the reservoir and continued to ping from the same 
buoy for the remainder of their detections. This could indicate that the fish, 1) died and 
sank to the bottom of the reservoir, 2) was caught and released by an angler but did not 
survive the endeavor, or 3) the tag was expelled from the fish. For example, fish number 
2 showed normal swimming behavior, but after only 5 days of being detected, the data 
showed that the fish suddenly went from 2 m down to 58.5 m. The fish could have 
experienced tag loss due to a suture opening, or it could have experienced delayed 
mortality due to the implanting of the tag. Another hypothesis is that the fish was caught 
by an angler and did not survive, or the angler gutted the fish on his boat and discarded 
the entrails, along with the small tag, back into the water, causing the tag to sink to the 
bottom and stay in one place for the next 276 days. Similar patterns were noticed with 
seven other fish (numbers 1, 8, 10, 13, 16, 18, and 20). All of these hypotheses are simply 
that and, unfortunately, cannot be confirmed with the available data. 
One reason tag disappearance was encountered was possible entrainment over 
Grand Coulee Dam without detection. Three fish, numbers 14, 17, and 19, were detected 
at the Rufus Woods buoy downstream of Grand Coulee Dam, confirming that they 
entrained. However, seven other fish (numbers 3, 5, 6, 11, 12, 15, and 23) could have 
possibly entrained over Grand Coulee Dam without detection. Each fish was last detected 
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at the 02 Spring Canyon or the 01 Spring Canyon buoy and numbers 3, 6, 11, and 23 
were last detected during the late winter drawdown period. These fish could have been 
sucked out of the reservoir due to the large volume of water flowing through Grand 
Coulee Dam at this period of time. Fish number 15 was last detected on 16 June, which 
was at the peak of refill. It is possible that the water filling the reservoir pushed this fish 
over Grand Coulee Dam. Because the receiver located downstream of Grand Coulee Dam 
only detected the test tag one time during the range testing day (Stroud et al. 2011), this 
fish could have gone undetected downriver from Grand Coulee Dam.  
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Table 3. Summary of detection days and possible causes for loss of detections (X). The yellow highlighted areas represent 
hypothesized occurrences based on the data available. The green highlighted areas represent known outcomes of fish 
based on data available. 
Fish 
Number 
Date 
Tagged 
Release 
Location 
Days 
Detected 
Surgery 
Issues 
Harvested 
Tag 
Loss 
Spawning Entrained 
1 2/9/2010 Swawilla Basin 54 
    
  
2 2/9/2010 Swawilla Basin 281 
 
X X 
 
  
3 2/9/2010 Plum Point 3 
    
X 
4 2/9/2010 Swawilla Basin 90 
    
  
5 2/9/2010 Swawilla Basin 4 X X X 
 
X 
6 2/9/2010 Swawilla Basin 3 
    
X 
7 2/9/2010 Plum Point 3 X X 
  
  
8 2/9/2010 Plum Point 126 X 
 
X 
 
  
9 2/9/2010 Spring Canyon 15 
 
X 
  
  
10 2/10/2010 Swawilla Basin 337 X 
 
X 
 
  
11 2/10/2010 Swawilla Basin 64 X 
   
X 
12 2/10/2010 Swawilla Basin 6 X X X 
 
X 
13 2/10/2010 Swawilla Basin 338 X 
 
X 
 
  
14 2/10/2010 Swawilla Basin 17 
    
X 
15 2/10/2010 Swawilla Basin 84 
    
X 
16 2/10/2010 Swawilla Basin 52 X 
 
X 
 
  
17 2/10/2010 Plum Point 10 
    
X 
18 2/10/2010 Plum Point 124 
    
  
19 2/16/2010 Sanpoil Mouth 16 
    
X 
20 2/16/2010 Camel Rocks 222 X 
 
X 
 
  
21 2/16/2010 Camel Rocks 0 X 
   
  
22 2/16/2010 Camel Rocks 0 X 
   
  
23 2/16/2010 Camel Rocks 26 X X 
  
X 
24 2/16/2010 Camel Rocks 164 
   
X   
25 2/16/2010 Camel Rocks 106   X X     
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Seasonal Reservoir Use Areas 
In 2010, the tagged kokanee used primarily the lower third of the reservoir, from 
Grand Coulee Dam up to Sterling Point. Of the 23 tagged fish, 8 of them moved less than 
10 km during the study. The average movement for all 23 kokanee was an even 30.0 km 
throughout an average of 93.3 detection days. For the kokanee that were active for longer 
than 30 days (n=13), they averaged 37.1 km of movement over an average of 157.1 
detection days (Table 4).   
The Sanpoil River was used by 22 % (n=5) of the marked kokanee during this 
study. Fish numbers 4, 15, 19, 24, and 25 used the Sanpoil River in early spring from 
February until April. Fish number 24 also used the Sanpoil River on 6 and 7 August, 
during its long migration up into Canada. The five fish generally stayed near the 
confluence of the Sanpoil River and Lake Roosevelt, mainly being detected on the 
Sanpoil Mouth receiver. None of the fish, however, were detected on the Sanpoil 
Campground receiver, which is located approximately 9.9 km from the confluence of 
Lake Roosevelt.  
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Table 4. Summary of minimum and maximum river kilometer (km) used for each tagged 
kokanee (n=23). 
Fish Number 
(n=23) 
Days in 
Fishery 
River 
km 
(min) 
River 
km 
(max) 
Total 
km 
Used 
Sanpoil 
River  
Used 
Spokane 
River 
Entrained 
1 54 971.2 975.3 4.1 
  
  
2 281 962.4 975.3 12.9 
  
  
3 3 962.4 975.3 12.9 
  
  
4 90 962.4 992.2 29.8 X 
 
  
5 4 965.6 975.3 9.7 
  
  
6 3 962.4 975.3 12.9 
  
  
7 3 968 971.2 3.2 
  
  
8 126 968 971.2 3.2 
  
  
9 15 962.4 992.2 29.8 
  
  
10 337 971.2 979.3 8.1 
  
  
11 64 962.4 989.7 27.3 
  
  
12 6 971.2 984.9 13.7 
  
  
13 338 975.3 975.3 0 
  
  
14 17 947.4 979.3 31.9 
  
X 
15 84 962.4 1013.1 50.7 X 
 
  
16 52 968 971.2 3.2 
  
  
17 10 947.4 975.3 27.9 
  
X 
18 124 971.2 975.3 4.1 
  
  
19 16 947.4 995.4 48 X 
 
X 
20 222 971.2 984.9 13.7 
  
  
23 26 962.4 979.3 16.9 
  
  
24 164 962.4 1255.2 292.8 X X   
25 106 971.2 1003.4 32.2 X     
Average 93.3     30.0 22% 4% 13% 
Average >30 Days 157.1     37.1 17% 4%   
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Diel Vertical Migration Patterns 
Of the 23 fish detected during this study, 15 kokanee (65 %) showed spring diel 
vertical migration patterns. A spring diel vertical migration pattern is characterized by 
utilizing surface waters at night and early morning, and then diving down, up to 10 m 
during the daytime hours (Table 5). Kokanee have been documented to follow their 
zooplankton food source through the day (Clark and Levy 1988; Koski and Johnson 
2002; Scheuerell and Schindler 2003). Zooplankton have been shown to make diel 
vertical migrations to avoid predation. They move up and down in the water column to 
avoid being in the sunlight and being eaten by fish or other predators (Dawidowicz et al. 
1990; Dodson 1988; Lampert 1993, 1998). With zooplankton utilizing the surface waters 
at night in the absence of light, kokanee also use the surface waters at night to maximize 
on their chance of encountering prey. Once they have eaten, the kokanee migrate down in 
the water column to digest their prey and potentially avoid piscivorous fishes. Kokanee 
may also simply be following the zooplankton during their downward migration during 
the day and continuing to feed on them throughout the day. 
Of the 23 detected kokanee in 2010, only two (9 %), numbers 15 and 24, of them 
were detected with enough data to show summer diel vertical migration patterns. Once 
the water temperatures rose above 12.2°C, the fish started to dive deeper to reach cooler 
water. Each one of these fish showed dives of greater than 92.8 m (304 ft.) with a 
maximum depth of 110 m (360 ft.) during the summer months.  
  
 
Table 5. Spring and summer diel vertical migration data, 2010. 
Fish # 
Diel Migrations 
Detected 
Spring 
Pattern 
Detected
1
 
Spring 
Depth Range 
(m) 
Summer 
Pattern 
Detected
2
 
Summer Depth 
Range (m) 
2 X X Upper 15  No Data 
 
3 X X Upper 6 No Data 
 
4 X X Upper 20 No Data 
 
9 X X Upper 20 No Data 
 
10 X X Upper 13 No Data 
 
11 X X Upper 9 No Data 
 
12 X X Upper 8 No Data 
 
14 X X Upper 5 No Data 
 
15 X X Upper 30 X 92.8 
17 X X Upper 23 No Data 
 
19 X X Upper 10 No Data 
 
20 X X Upper 10 No Data 
 
23 X X Upper 20 No Data 
 
24 X X Upper 15  X 110 
25 X X Upper 7 No Data 
 1Spring pattern: surface waters at night and early morning and deeper depth during the daytime hours 
2Summer pattern: as water temperature rises above 12.2°C, kokanee dive to depths >70 m to reach cooler water 
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Reservoir Operations and Water Temperature Influences 
Water temperatures started to rise during the month of May, and by 15 May, the 
temperatures were above 10°C. This rise in temperature was correlated with the refilling 
of the reservoir that also started during late April, early May (Figure 33). As the reservoir 
refilled, the water retention time increased and the water heats up quicker during the 
warming spring and summer months. By 21 June the water temperatures were 12.5°C, 
which is over the kokanee preference temperature of 12.2°C (McLellan and Scholz, 
2010), which was a month later than in 2009, when water temperatures reached 12.2°C 
by 25 May 2009. This temperature was recorded in many of the tagged kokanee, most of 
which were on the bottom of the reservoir. Fish numbers 15 and 24 were the only fish 
that showed normal swimming behaviors during the critical summer months. These fish 
were seen diving down to increased depths to try and seek a cold water refuge.  
Fish number 15 started diving below 20 m on 6 June when water temperatures 
were 13°C according to the temperature sensor inside the tagged fish. This kokanee made 
its deepest dive down to 92.8 m on 7 June. The temperature at 5.3 m (where the fish 
started the dive at 10:42) was 13°C, and the temperature at 92.8 m (at 11:00) was 10.2°C. 
This fish returned back up to 17 m water that same day at 13:40, where the temperature 
was again, 13°C. Number 15 was not detected past 17 June, but this fish was clearly 
trying to keep its body temperature down by diving deep into cooler water. This fish was 
last detected at 01 Spring Canyon, the last buoy before Grand Coulee Dam, and was 
hypothesized to have entrained over Grand Coulee Dam without being detected below the 
dam on the Rufus Woods receiver.  
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Kokanee number 24 started to dive below 20 m on 27 May, when the fish dove 
down to 92.8 m. The water temperature experienced at that depth was 9.6°C, while the 
surface temperatures were near 12°C. Number 24 made a 110 m dive the following day, 
but stayed in less than 20 m water until 6 June. After 6 June, this fish seemed to migrate 
more often into deeper, cooler water during the daytime hours. As surface water 
temperatures at Grand Coulee Dam reached 14°C, this fish was swimming in 12°C water 
deeper than 70 m. Either driven by the urge to seek cold water refuge, or the need to 
spawn, this fish migrated into Canadian waters during the month of August. This fish 
swam 292.8 km from Grand Coulee Dam up to Hugh Keenleyside Dam in Canada. 
Kokanee 24 was moving at an average rate of 11.3 km per day during this migration. 
During this migration, the fish rarely used waters shallower than 20 m. This fish was 
almost always swimming deeper than 40 m in an effort to keep its temperature below 
16°C. However, even though the fish swam down to 90 m or more during its migration, 
the temperatures still ranged from 12.0°C to 20.9°C. The highest temperature recorded by 
this fish was 20.9°C on 28 August at the Hunters receiver, near the middle of the 
migration route. Once the fish got into the shallower, riverine waters near the Canadian 
border and north, the fish recorded lower water temperatures at shallower depths. These 
temperatures ranged from 16.0°C to 18.0°C in waters ranging in depth from 0-20 m. 
Most of Lake Roosevelt is lacustrine, or lake like, which leads to higher temperatures as 
the water is held in the reservoir for longer periods of time. Again, it is unclear if this fish 
migrated to Canada for a cold-water refuge, or the more likely event, which is linked to a 
spawning migration.  
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The 2010 reservoir drawdown was fairly shallow at roughly 10 m of drawdown 
(Figure 34). The 2010 drawdown was more gradual compared to the rapid 2009 
drawdown (Figure 34). Refill in 2010 also happened almost two weeks sooner than in 
2009. The reservoir was at the lowest point longer in 2009 compared to 2010, when the 
reservoir was refilled almost immediately after hitting the lowest elevation. When the 
snowpack levels are high, like in 2006 and 2008, the reservoir needs to be dropped lower 
to account for all of the runoff during the spring snowmelt event. This is why 2006 and 
2008 saw such deep drawdowns of the reservoir (Figure 34). As the reservoir was drawn 
down in 2010, the inflow to the reservoir and outflow through Grand Coulee Dam started 
to increase. The peak inflow and outflow occurred near the end of refill on 22 June and 
23 June, respectively (Figure 35).  
During May, the reservoir was being refilled rapidly, as inflow and outflow hit 
their maximums (Figure 35). In 2009, two fish entrained over Grand Coulee Dam during 
the refill event when inflow and outflow were highest (McLellan and Scholz, 2010). 
However, in 2010, the three confirmed fish (#14, #17, and #19) entrained in February and 
March during the gradual drawdown of the reservoir (Figure 35). Five additional fish (#3, 
#6, #11, #15, and #23) were also hypothesized to have entrained over Grand Coulee Dam 
without being detected at Rufus Woods. Four of these fish were last detected during the 
drawdown event between February and April, and the fifth fish was last detected in June 
during the rapid refill. 
Drawdown affected 15 fish (65 %) and refill only affected 2 fish (9 %) (Table 6). 
Of the 15 fish effected by drawdown, 8 moved downstream (53 %), 4 moved upstream 
(27 %), and 3 (20 %) moved both upstream and downstream in some manner. Of the 2 
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fish affected by refill, 1 moved downstream and 1 moved upstream (Table 6). Many of 
the fish that were detected during drawdown were not being detected during refill, or they 
were presumed dead due to inactivity. Kokanee in 2010 were more likely to move 
downstream during drawdown which conflicts with McLellan and Scholz, 2010. They 
noticed that of 9 observed fish, only 20% (n=2) moved downstream during drawdown 
and 40% (n=4) moved upstream during drawdown. During refill, they also noticed that of 
the 5 observed fish, 60% (n=3) moved downstream, 20% (n=1) moved upstream, and 
20% (n=1) did neither. They concluded that fish were more likely to entrain during refill, 
while the 2010 data points to drawdown as the most likely time in which fish entrained 
over Grand Coulee Dam.  
The data indicated that entrainment, and hypothesized/unconfirmed entrainment 
of tagged kokanee, occurred more often during the drawdown than during the refill in 
2010. Drawdown was relatively shallow during 2010, and deeper drawdowns could have 
different results. More samples and more data are needed to better understand the effects 
of drawdown and refill on the kokanee population. 
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Figure 33. Water temperatures recorded at the surface in the forebay of Grand Coulee 
Dam, 2010. Data taken from the DART website. 
 
 
  
66 
 
 
Date
Jan  Feb  Mar  Apr  May  Jun  Jul  Aug  Sep  Oct  Nov  Dec  
E
le
v
a
ti
o
n
 (
m
)
370
375
380
385
390
395
Shallow Drawdown
Medium Drawdown
Deep Drawdown
2010 Medium
2009 Medium
2008 Deep
2007 Medium
2006 Deep
 
Figure 34. Lake Roosevelt elevation changes during the calendar year, 2006-2010. Data 
from the DART website. 
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Figure 35. Lake Roosevelt inflow, outflow, and elevation. Green "X" indicated dates 
kokanee #14. #17, and #19 entrained over Grand Coulee Dam. Data from DART 
website. 
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Table 6. This table indicates the observed effects that the drawdown and refill events of 
Lake Roosevelt had on tagged kokanee in 2010. 
  Drawdown Refill 
Fish 
Number 
Moved 
Downstream 
Moved 
Upstream 
Both Moved Downstream 
Moved 
Upstream 
Both 
3 X 
 
  N/A 
  
4 
 
X   N/A 
  
6 X 
 
  N/A 
  
9 
 
X   N/A 
  
10 
  
X N/A 
  
11 X 
 
  N/A 
  
12 
 
X   N/A 
  
14 X 
 
  N/A 
  
15 
  
X X 
  
17 X 
 
  N/A 
  
19 X 
 
  N/A 
  
20 X 
 
  N/A 
  
23 X 
 
  N/A 
  
24 
  
X 
 
X 
 
25   X   N/A     
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Spawning 
One fish (4 %) made an extraordinary migration, which could have been a 
potential spawning migration, of 292.8 km upstream to Hugh Keenleyside Dam, in 
British Columbia, Canada. Although previously stated that it was unclear if this fish 
made this migration to seek cold-water or to spawn, I believe that this fish made this 
migration from the instinct to spawn in its natal tributary in Canadian waters. This fish 
started its migration on 4 August and ended with its last detection on 5 September. It is 
hypothesized that this fish was trying to migrate into the Arrow Lakes, which lie behind 
Keenleyside Dam, for spawning purposes. A similar migration was also seen in 2009 
with one fish going to Brilliant Dam, also in Canada. This migration supports the idea 
that a small part of the wild population of Lake Roosevelt kokanee may come from these 
upper Columbia River stocks.  
This fish was last detected on 5 September, which leaves inconclusive evidence of 
fall patterns and activity to further confirm the spawning hypothesis. This fish could have 
completed spawning and died by early September in an untracked area. It is possible that 
future studies could find more spawning migrations like these and a more conclusive 
hypothesis can be drawn up.   
Results of Buoy Efficacy 
 
 Table 7 shows the results of the observed efficacy for each buoy that had an 
observable missed detection. These observed missed detections were noted when a fish 
would skip a buoy during its daily movements. For example, if a fish swam from the 01 
Spring Canyon buoy to the 03 Spring Canyon buoy, without being detected at the 02 
Spring Canyon buoy, this would count as a missed detection. This occurred a total of 952 
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times during the study period and happened most frequently at the 03 Spring Canyon 
buoy with 62.4 percent of the missed detections. 
 
 
Table 7. Buoy efficacy depicting observed missed detections of kokanee at effected 
receivers. 
Receiver Station Number Missed Detections Percentage Missed 
01 Spring Canyon 3 0.3% 
02 Spring Canyon 75 7.9% 
03 Spring Canyon 594 62.4% 
04 Plum Point 46 4.8% 
05 Plum Point 180 18.9% 
06 Camel Rocks 20 2.1% 
08 Keller Ferry Boat Launch 11 1.2% 
09 Keller Ferry East 3 0.3% 
10 Hansen Harbor 2 0.2% 
14 Burbot Creek 1 0.1% 
15 Hawk Creek 1 0.1% 
16 Seven Bays 1 0.1% 
Confluence 1 0.1% 
Gifford 1 0.1% 
Lincoln 1 0.1% 
Mission Point 1 0.1% 
Nancy Creek 1 0.1% 
Rickey Point 1 0.1% 
RKM 2.5 2 0.2% 
RMK 6.5 2 0.2% 
RKM 9.0 2 0.2% 
RKM 9.8 1 0.1% 
Sanpoil Mouth 2 0.2% 
Grand Total 952 100.0% 
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Results of Genetics Sampling 
During the tagging procedure in February 2010, genetics samples were taken from 
the dorsal fin of each fish and mailed to the Washington Department of Fish and Wildlife 
genetics laboratory in Olympia, Washington. Once there, our genetics samples were 
analyzed against the aforementioned database for the region. The results showed that of 
the 25 kokanee that were sampled, 22 kokanee (88%) were assigned to the Lake 
Roosevelt group, 2 kokanee (8%) were assigned to the Lake Whatcom group, and 1 
kokanee (4%) was assigned to the Meadow Creek group (Table 7). Lake Whatcom is 
located in Bellingham, Washington and is a major source for hatchery kokanee stocks 
that are planted into Lake Roosevelt by the Spokane Tribe of Indians each year. Meadow 
Creek is located in British Columbia, Canada just north of the United States border, and 
is one source of hatchery kokanee used during stocking by the Spokane Tribe of Indians. 
Both of these sources supply as many kokanee eggs as possible to the Spokane Tribe 
each year for rearing in the hatchery, and eventually releasing into Lake Roosevelt in the 
spring.  
 Because kokanee 24 was assigned to the Lake Roosevelt genetic group, it was 
unexpected that this fish made a migratory run to Canadian waters during the spawning 
season. It was expected that this fish was going to stay in the lower part of Lake 
Roosevelt and find spawning grounds there. I would have expected the Meadow Creek 
fish to make a migration, if it had lived until spawning season, but the results were 
inconclusive. 
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Table 8. Genetics assignments from Washington Department of Fish and Wildlife 
genetics laboratory for 25 tagged kokanee in 2010. “Roosevelt” signifies a Lake 
Roosevelt stock fish, “Whatcom” signifies a Lake Whatcom stock fish, and 
“Meadow” signifies a Meadow Creek stock fish.  
Date 
Tagged 
Fish# Length Weight Serial # ID # Genetics 
2/9/10 1 480 980 1084512 27209 Roosevelt 
2/9/10 2 562 1608 1084513 27210 Roosevelt 
2/9/10 3 503 1275 1084514 27211 Roosevelt 
2/9/10 4 453 939 1084515 27212 Roosevelt 
2/9/10 5 436 735 1084516 27213 Roosevelt 
2/9/10 6 360 514 1084517 27214 Roosevelt 
2/9/10 7 552 1515 1084518 27215 Whatcom 
2/9/10 8 531 1429 1084519 27216 Roosevelt 
2/9/10 9 510 1358 1084520 27217 Roosevelt 
2/10/10 10 466 1003 1084521 27218 Roosevelt 
2/10/10 11 492 1068 1084522 27219 Roosevelt 
2/10/10 12 470 1008 1084523 27220 Roosevelt 
2/10/10 13 570 1651 1084524 27221 Roosevelt 
2/10/10 14 505 1315 1084525 27222 Roosevelt 
2/10/10 15 520 1229 1084526 27223 Roosevelt 
2/10/10 16 480 1078 1084527 27224 Whatcom 
2/10/10 17 464 947 1084528 27225 Roosevelt 
2/10/10 18 555 1675 1084529 27226 Roosevelt 
2/16/10 19 416 753 1084530 27227 Roosevelt 
2/16/10 20 451 890 1084531 27228 Roosevelt 
2/16/10 21 485 1134 1084532 27229 Roosevelt 
2/16/10 22 505 1242 1084533 27230 Meadow 
2/16/10 23 542 1475 1084534 27231 Roosevelt 
2/16/10 24 481 1132 1084535 27232 Roosevelt 
2/16/10 25 525 1415 1084536 27233 Roosevelt 
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Discussion 
Lake Roosevelt wild kokanee have been tagged and tracked since 2008. There are 
many data gaps that exist for wild kokanee in Lake Roosevelt. Seasonal behaviors, 
spawning migration patterns and locations, abiotic factors like water temperature and 
reservoir operations, and diel vertical migration patterns are some of the gaps in 
knowledge of these wild kokanee. There are many ways to analyze these gaps, but we 
chose to use a passive tracking system to monitor hydroacoustic-tagged kokanee with 
deployable tracking receivers. In 2010, our receiver array was increased from 17 in 2009, 
to 25 deployed receivers. This additional coverage helped to fill in gaps in between 
receivers spaced far apart in the reservoir.  
Seasonal Reservoir Usage 
The lower third of the reservoir has higher levels of zooplankton density. Scofield 
et al. (2005) reported that Daphnia spp. are the main food source for kokanee in Lake 
Roosevelt, making up 54% of their diet. Daphnia biomass was averaged from annual 
reports from 1999 to 2008, and reported that the lower third of Lake Roosevelt is where 
an abundance of Daphnia exists. The Sanpoil River was averaged from 1999-2008 to 
contain 9,728 Daphnia/m
3
, the Spokane River contained 8,376 Daphnia/m
3
, Spring 
Canyon contained 5,196 Daphnia/m
3
, Seven Bays contained 3,606 Daphnia/m
3
, and 
Keller Ferry contained 3,254 Daphnia/m
3
. These levels can be compared with the upper 
reservoir near Kettle Falls, which had average levels of 434 Daphnia/m
3
 (McLellan et al. 
2003; Lee et al. 2003; Scofield et al. 2004; Fields et al. 2004; Pavlik-Kunkel et al. 2005; 
Lee et al. 2006; Scofield et al. 2007; Pavlik-Kunkel et al. 2008; Lee et al. 2010; Miller et 
al. 2011).   
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Most anglers that target kokanee fish in three general areas of the reservoir: 
Swawilla Basin, Keller Ferry, and Whitestone Rock. In these areas, the reservoir is more 
lacustrine, or lake like. They are deep areas in the reservoir that tend to hold cooler water 
at deeper depths, and an abundance of Daphnia to prey upon. Limnetic hydroacoustic 
surveys and gill netting surveys from 1998 to 2005 captured the majority of kokanee in 
the reservoir in the lower third of the reservoir (Baldwin and Polacek 2002; Baldwin and 
Woller 2006a, 2006b). It was then theorized by the managers that kokanee prefer to stay 
in one general area in the reservoir, and not move from location to location.  
This 2010 assessment of kokanee movement showed that kokanee do in fact move 
from location to location, and they can cover many kilometers in just a few days. Most of 
the movement during this study occurred during the spring, but insufficient data was 
available to determine summer and fall movement patterns. Contrary to the managers’ 
hypothesis that kokanee stay in one general area, several kokanee utilized all of the 
angling locations within a months’ time. The Sanpoil River was utilized by 22% of the 
kokanee in this study. The Sanpoil River was shown to have the highest Daphnia 
biomass in the reservoir, which could explain why these fish were detected in the food 
rich Sanpoil River.  
Diel Vertical Migration Patterns 
Sockeye salmon and kokanee generally have diel vertical migration patterns 
where they ascend to surface waters from dawn to dusk, and then descend down to deeper 
depths during the daytime (Narver 1970; Bevelhimer and Adams 1993; Scheuerell and 
Schindler 2003; Hardiman et al. 2004). Many researchers have shown kokanee and 
sockeye salmon feed actively at dusk and dawn, or crepuscular periods, when light levels 
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are optimal for kokanee to visually acquire their near-transparent zooplankton prey 
(Northcote et al., 1964; Finnell and Reed 1969; Narver 1970; Eggers 1978; Levy 1987; 
Beauchamp et al. 1994, 1997, 2004; Koski and Johnson 2002; Koski et al. 2003; Mazur 
and Beauchamp 2003). These are just a general guideline, however, and kokanee behave 
differently in many different situations. They can vary in how deep they dive, when they 
are near the surface, and how long they are near the surface (Levy 1987). These 
variations can be caused by predator and prey interactions (Eggers 1978; Levy 1987; 
Clark and Levy 1988; Stockman and Johnson 1999; Scheuerell and Schindler 2003; 
Hardiman et al. 2004).  
Daphnia and other zooplankton have demonstrated antipredation diel vertical 
migration patterns, which have been studied by multiple researchers (Lampert 1989, 
1993; Loose and Dawidowicz, 1994; Dodson 1988, Dawidowicz et al. 1990, Neill 1990, 
Loose 1993). The benefit of downward movement at dawn is to escape the light-
dependent predators (fish) during the daylight hours. This behavior has been supported 
by findings that zooplankton diel vertical migration can be induced by karimones being 
exuded by predators. However, if zooplankton stay in deeper water at all times, they face 
limitations in growth and fecundity because their food source is not readily available like 
it is in the epilimnion. This lowered prey availability causes the zooplankton to forego 
their predator avoidance measures of diving to deeper water, because they swim upwards 
to the surface during the night to feed on algae and other prey items. Also, crossing a 
temperature gradient from higher to lower while moving downward in the water column 
retards the metabolic process of zooplankton, making the epilimnion region a more 
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metabolically efficient region for zooplankton (Loose and Dawidowicz 1994). These 
factors, and undoubtedly more, play a role in zooplankton diel vertical migration. 
Kokanee have been shown to follow their prey, Daphnia, as they migrate through 
the water column to avoid predation by fish. Daphnia sink to deeper, dark waters during 
the light of day where visual predators, such as kokanee, have a harder time finding them. 
Once the sun begins to go down, Daphnia ascend in the water column to feed on algae, 
effectively using the cover of night to stay hidden from fish predators. Kokanee follow 
their prey source throughout the day and night to maximize the chance of encountering 
prey, and therefore, improving fitness and growth (Scheuerell and Schindler 2003).  
Scheuerell and Schindler (2003) also suggest that kokanee could be making diel 
vertical migrations because they are influenced by picivorous fishes trying to consume 
them. The picivores, such as walleye and smallmouth bass (Stroud et al. 2010), are visual 
predators. They need to be able to see their prey in order to strike and feed. Kokanee 
could use the darker, deeper water, much like Daphnia, to hide from predators. 
Scheuerell and Schindler (2003) also suggest that kokanee could be making these diel 
vertical migrations to maintain metabolic efficiency. Kokanee have a preferred 
temperature of 10.6-12.8°C (Wismer and Christie, 1987) which makes their metabolism 
and body run the most efficiently, and they might have to dive into deeper water to find 
this cooler temperature, especially during the warm summer months. It is likely a 
combination of these three factors that drives kokanee to make diel vertical migrations. 
Kokanee have an avoidance temperature above 16°C (Wismer and Christie, 1987) and a 
lethal limit of 24.8°C where, in a laboratory setting, half or more of the kokanee died due 
primarily to water temperature.  
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Distinct spring diel vertical migration patterns were noticed in 15 (65%) kokanee 
in 2010. This spring pattern showed kokanee having a strong tendency to occupy the 
surface waters from the midnight - 05:00 hours, then dive down to 5-30 m during the 
daylight hours. As the sun began to set, the fish would then ascend back up to surface 
waters, presumably to feed, and start the cycle over. This pattern was also detected in 
83% of the fish in the 2009 study (McLellan and Scholz 2010).  
As the water temperatures started to approach the kokanee’s preference 
temperature of 10.6 to 12.8°C, the kokanee started to dive deeper, and more often during 
the night and day. The temperature profiles of fish that were still actively swimming 
when water temperatures approached 12.8°C demonstrated that fish wanted to be as close 
to this temperature as possible. They would dive down to cooler waters, and then ascend 
to warmer waters, only to dive back down to cooler water. Kokanee #15 demonstrated 
this behavior best, once water temperatures rose in June, the fish hovered above and 
below the 12.8°C mark (Figure 22). As the water became warmer and reached the 16.0°C 
mark, the two fish that were still actively swimming (numbers 15 and 24) showed 
noticeably deeper dives of 92.8 and 110 m to avoid the warm water. During 2010, the 
reservoir was nearly isothermal, but was a few degrees colder at the bottom than the top. 
The surface temperature reached 21.8°C in August (Figure 33), while fish #13 (Figure 
20) demonstrated that below 95 m, the water temperature was between 12-13°C in 
August and never got above 16.0°C. June is when these two fish switched from their 
spring diel vertical migration pattern to their summer pattern, and started to dive deeper, 
down to depths of 50 m and deeper. Data was sporadic for fish #15, but fish #24 had 
multiple data points below 70 m after water temperatures rose above 16.0°C (Figure 31). 
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Eventually, no matter how deep kokanee 24 dove, the water was isothermal, and this fish 
recorded a maximum temperature of 21.0°C. The data was sporadic for these fish, but it 
seemed that they reversed their diving and ascending patterns that they had in the spring. 
They seemed to be near the surface during the daytime and deeper during the nighttime.  
 Stockwell and Johnson (1999) have shown that this switch in spring and summer 
depth patterns is normal in kokanee fry in the Blue Mesa Reservoir in Colorado, during 
the warm late summer months. The fry occupied the 5-10 m range in high concentrations 
during the day, and then descended down to 10-15 m during dusk and night. If these fish 
did not switch from a spring to a summer pattern, Stockwell and Johnson saw a 79% 
decrease in daily growth. The kokanee in Lake Roosevelt could be experiencing the same 
phenomena, but our data was too sporadic to make any hypotheses.     
Baldwin and Woller (2006a, b, c) saw that kokanee were distributed in deep, cool 
water of the hypolimnion in the lower third of the reservoir during the month of August. 
These fish were captured in gill nets set between 80 – 100 m depths. Their hydroacoustic 
surveys, however, showed kokanee were near the surface during the daytime in August, 
which supports Stockwell and Johnson (1999). The metabolic demand on kokanee to 
make a diel vertical migration 50 – 80 m is likely to put physiological stress on the fish. It 
is the near isothermal water temperatures that seem to be forcing the kokanee to make 
these deep dives during the warm summer months (Baldwin and Woller 2006a, b, c).  
Reservoir dynamics and Water Temperature Influences (Abiotic Factors) 
The lower third of the Lake Roosevelt is more lacustrine than the upper two thirds 
of the reservoir. The main river channel exceeds 100 m depth for much of the lower third 
of the reservoir. This area also tends to have the highest zooplankton densities on the 
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reservoir. The Sanpoil River and Spokane River have an abundant amount of 
zooplankton which could be carried downstream into the main channel of Lake Roosevelt 
and contribute to large populations of planktivorous fish. Kokanee prefer a water 
temperature of 10.6-12.8°C and avoid water temperature above 16.0°C. During the 
summer months, Lake Roosevelt is heated on the surface and eventually becomes near 
isothermal, or the same temperature on the surface as the bottom. During 2010, the 
highest recorded surface temperature at Grand Coulee Dam was reported at 22.0°C. This 
high water temperature could be a limiting factor for kokanee in Lake Roosevelt, making 
it a physiologically stressful environment to thrive in. Water temperatures rose above 
12.8°C in mid-June and surpassed 16.0°C in mid-July (Figure 33). By mid-July, only one 
fish was detected with normal swimming activity, and this fish soon swam up to 
Canadian waters. All of the other fish entrained, were harvested, or died and sank to the 
bottom of the reservoir. 
Lake Roosevelt is the main reservoir on the Columbia River that accumulates the 
runoff from winter snowpack melting, and subsequently regulates the downriver flow 
regimes until the Columbia River reaches the Pacific Ocean. The level of snowpack in 
the mountains is a major factor for reservoir operators in determining how deep the 
spring drawdown will be. The more snowpack there is in surrounding mountains, the 
deeper Lake Roosevelt needs to be drawn down. If the snow melts quickly during late 
spring, the outflow through Grand Coulee Dam increases as the inflow into the reservoir 
increases from the melting snow. This affects not only Lake Roosevelt, but the Columbia 
River below Grand Coulee Dam as well.  
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Reservoir drawdown has been shown to have negative effects on hatchery 
rainbow trout production (McLellan et al. 2008; Cichosz et al. 1997). The rate of 
drawdown, depth of drawdown, water retention time, and rainbow release time all impact 
the success of the hatchery rainbow trout to stay in the fishery. However, these reservoir 
dynamics have not been assessed for the kokanee population in Lake Roosevelt. In 2010, 
reservoir dynamics somehow played a role in 15 fish (65%) moving either upstream or 
downstream during drawdown, and 2 fish (9%) moving during refill. With 8 fish (53%) 
moving downstream during drawdown, it was unclear if they were being pushed 
downstream with the flow of water exiting the reservoir, or if they were following 
zooplankton that were being carried downstream. Of the 23 detected kokanee, 3 fish 
(13%) were confirmed to have entrained during the drawdown period. There were, 
however, 4 more fish that are hypothesized to have entrained over Grand Coulee Dam 
during drawdown and 1 fish that possibly entrained during refill.  
There was a gap in data for the 5 hypothesized fish entrainments that could be 
explained using range testing of the deployed receivers. Stroud et al. (2011) demonstrated 
that the 01 Spring Canyon, 02 Spring Canyon, and Rufus Woods receivers each have 
undetected areas in which fish could swim by without being detected. We believe that 
these 5 fish were not detected and entrained because each of them had a last detection 
point at either 01 or 02 Spring Canyon, which are the two receivers closest to the forebay 
of Grand Coulee Dam. The 02 Spring Canyon receiver has to cover a 1.5 km section of 
reservoir, but was tested to only have detections as far as 1.0 km. The 01 Spring Canyon 
receiver had similar results, meaning that kokanee using the limnetic zone or 
embayments of the shoreline could have swam by the receivers without being detected. It 
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is also possible that these fish could have just swam directly by the receivers in less time 
than it takes for the tag to send a signal, 1-3 minutes.  
Over a 42-month period from 1995 to 1998, LeClaire (1998) concluded that 
entrainment over Grand Coulee Dam ranged from 211,685 to 576,676 fish annually. 
Upon further analysis, he determined that 85% of the fish that entrained through Grand 
Coulee Dam occurred at the dam’s third powerhouse, which is located on the north end of 
the reservoir. The 01 Spring Canyon buoy is located more towards the southern shoreline 
of the forebay. This location and 0.75 km maximum detection range of the receiver does 
not allow fish to be detected on the northern shoreline. This indicates that we could have 
had multiple kokanee entrain over Grand Coulee Dam and not be detected at this last 
buoy above the dam.  
The Rufus Woods receiver has a 0.25 km width of river that it covers, but during 
range testing, Stroud et al. (2011) were unable to detect the range testing tag during the 
trials. The high flow below Grand Coulee Dam is likely to be the issue with tags not 
being detected at Rufus Woods. A fish could travel faster downstream than our tags 
transmitted data, making confirmation of entrainment difficult to determine.  
The 03 Spring Canyon receiver was observed to have the most missed detections 
during the study period making up 62.4 percent of the total missed detections (Table 7). 
This could be due to the number of fish that stayed in the lower reservoir around Plum 
Point and the Spring Canyon boat launch. With more fish staying near these receivers, it 
is only fitting that there would be more missed detections in that area. The more fish you 
have in one area, the higher the likelihood there is for more missed detections. Another 
reason 03 Spring Canyon might have had more missed detections could be due to it 
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proximity to high cliff walls on the north shore of the reservoir. These cliff walls could 
lead to echoing problems and receivers not recording transmissions sent by tags. Missed 
detections could also be caused by the high number of receivers in the area combined 
with the 60 – 180 second delay in transmissions by tags. A fish could conceivably swim 
from one buoy to another, skipping a buoy in between, during the 180 second delay.  
Golder Associates Ltd. (2006) performed range testing of white sturgeon tags on 
4 VR2 receivers in the upper Columbia River near Castlegar, British Columbia. They 
achieved similar results as Stroud et al. (2011) although they were using slightly larger 
testing tags compared to the kokanee testing tag. They concluded that the minimum range 
that their receivers could detect a tag was 400 m, which often exceeded the total width of 
the Columbia River at the receiver site, giving them full coverage at each receiver. The 
lower third of the reservoir is much wider than the upper reaches of the Columbia River, 
often exceeding 1.0 km in width. Fish in the lower third have more area to move around 
and go undetected than fish would in the upper third of the Columbia River. The sheer 
depth and width of the lower third of Lake Roosevelt makes detecting each fish 
constantly a hard task, and only having 25 receivers to cover 90 km or more means that 
they need to spread out with coverage holes in order to best track the entire study area. In 
future studies, it could be beneficial to add a receiver system near Grand Coulee Dam to 
try and fill in coverage holes and confirm whether fish entrain or not. 
Spawning and Genetics Sampling 
A major goal of this study was to find large spawning congregations of wild, 
unmarked kokanee during the fall spawning event that occurs in Lake Roosevelt. To this 
date, no large spawning congregations have been encountered. Adult hatchery and wild 
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kokanee have been found in a variety of tributaries monitored by Eastern Washington 
University, the Spokane Tribe of Indians, and the Colville Confederated Tribes during the 
fall (McLellan et al. 2010). However, those congregations of fish include hundreds of 
hatchery kokanee, but only as many as 10 wild kokanee have been found at a single 
tributary. With numbers of recorded spawning wild kokanee this low, it is hard to 
understand how the population can sustain itself.  
The wild kokanee often resemble Meadow Creek kokanee, which come from the 
upper Columbia River, which turn a bright red color with green heads when spawning 
and tend to congregate and spawn earlier than most kokanee (September-October). 
McLellan et al. (2010) suggested that these wild kokanee found in Lake Roosevelt could 
have been washed down from Canadian upper river stocks, and they comprise a portion 
of the population of Lake Roosevelt wild kokanee. The portion of fish that make up the 
wild kokanee population that could be from Meadow Creek origins in unclear and has 
been debated by managers for many years. It is completely logical that an upper river 
stock could have washed down and spawned with the Lake Roosevelt wild kokanee and 
introduced those genetics into the lower reservoir.  
A genetics study was initiated in the early 1990’s by the Colville Confederated 
Tribes which aimed to classify different kokanee populations from around the region. 
Managers could then use these genetic databanks to compare specific kokanee 
populations to each other, like Meadow Creek kokanee to Lake Pend Oreille kokanee, for 
example. Initial results from Kassler and Loxterman (2006) suggested that the Lake 
Roosevelt population of wild kokanee was likely related to upriver Canadian stocks like 
Meadow Creek or Arrow Lakes kokanee. In 2009, the study was expanded to include 
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more individual samples and stock sources from more regional populations. The data 
concluded that the Lake Roosevelt wild kokanee are indeed genetically distinct from 
upper Columbia River stocks (Kassler et al. 2010). The study used Structure Plot 
Analysis which concluded that a small portion of the Lake Roosevelt kokanee are likely 
related to upriver stocks and have been washed down from Canada, but the majority of 
the fish tested were genetically distinct, indicating a separate population, unique to Lake 
Roosevelt. This is very exciting data, but researchers and managers have still not been 
able to locate spawning grounds or congregations of wild kokanee during spawning 
season which would indicate a spawning location. More tracking studies similar to this 
could help aid in finding a location of wild kokanee spawning grounds. It is hypothesized 
that kokanee must spawn in areas deep enough to survive the spring drawdown event. If 
they spawned in shallow water, the redds would be dewatered during the spring as fry 
were beginning to emerge, which would be detrimental to the population. It is possible 
that kokanee in Lake Roosevelt have adapted to the drawdown event and have found 20-
40 m deep water locations that they spawn in that researchers are unaware of. Again, 
more tracking studies could aid in finding the answer to this question. 
As shown in the results, 22 kokanee in this study were determined to be of Lake 
Roosevelt wild origin, 2 were from Lake Whatcom stocks, and 1 fish was from Meadow 
Creek stocks. During the angling and tagging events at the beginning of the study in 
February, all 25 fish that were tagged looked like wild fish on the exterior. Hatchery 
kokanee all have a clipped adipose fin, and often a ventral or pectoral fin clipped to show 
which stock they originated from in the hatchery. These clipped fins allow managers 
monitoring the creeks and tributaries of Lake Roosevelt to identify which stocks return 
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where, in what kind of sex ratios, and how much of the population is returning to spawn. 
The clipped fins also allow hatchery crews in the field to know which fish to spawn 
together to keep stocks from crossing with each other.  
Each fish that was tagged in this study had all of its fins intact, leading us to 
assume that the fish was of wild Lake Roosevelt origin. However, the genetics analysis 
for each fish showed that 2 fish (12%) were of hatchery origin, which points out a 
limitation to our study. Hatchery fish have a second method of marking, called otolith 
marking, where a chemical or change in water temperature is used at a young age in the 
hatchery raceways. The chemical or water temperature change places a band on the 
kokanee’s otolith, or inner ear bone, which can be identified under a microscope. The 
issue that arises with this type of marking is that the fish would have to be killed in order 
to recover the otoliths. This confounds the study because if we take the otoliths from a 
presumed wild fish, we would not be able to use the fish in our tracking study because the 
fish would no longer be living. Based on this, we had to assume that all unclipped fish 
were wild and this is why we ended up having 12% of our fish turn out to be of hatchery 
origin.  
One fish (4%) out of the 23 detected actually swam 292.8 km in 26 days, 
departing from Grand Coulee Dam on 4 August, and arriving at Hugh Keenleyside Dam 
in Canada on 30 August. This fish averaged 11.3 km per day during its migration that is 
hypothesized to be a spawning migration. The fish stayed near Hugh Keenleyside Dam 
until its last detection on 5 September. This migration behavior was also observed in one 
fish (4%) in 2009 by McLellan et al. (2010). That kokanee migrated to Brilliant Dam on 
the Kootenay River, which joins the Columbia River just downriver from Keenleyside 
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Dam. These low numbers of fish that have been documented migrating to the upper 
Columbia River support Kassler et al. (2010) that a small portion of wild kokanee in Lake 
Roosevelt could be washed down from upriver stocks. These two fish seem to fit that 
genetic description and were trying to re-enter the Arrow Lakes system or the Kootenay 
Lakes system to potentially spawn in their natal tributaries.  
Recommendations for Future Studies 
After completing this study, I have a few recommendations for future researchers 
of wild kokanee in Lake Roosevelt. My first recommendation is to increase the number 
of receivers in the lower third of the reservoir, which would increase the likelihood of tag 
detection in some key areas of the study region. One area I would concentrate on would 
be directly above and below Grand Coulee Dam. It would be beneficial to add receivers 
here to better quantify the amount of fish that entrain over Grand Coulee Dam and 
potentially which side of Grand Coulee Dam the fish entrain most over.  
My second recommendation would be to employ manual tracking to find lost tags 
on the reservoir. I was unable to find 2 tagged fish during this study and I believe that 
manual tracking would have helped locate these fish.  
My third recommendation would be to increase the number of tagged fish. This 
would help the study in many ways like having more data points, more chance of fish 
being detected in the critical summer months, and better understanding movement 
patterns of kokanee during different seasons. The higher the number of tagged fish, the 
better the study gets and the more data we can capture about the daily habits of fish can 
only improve our understanding of these fish. The last recommendation I would make is 
to use another form of anesthesia than CO2, and possibly return to using MS-222 like in 
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2008 and 2009. The fish seemed to recover better from the MS-222 anesthesia than they 
did from the CO2 anesthesia. Water temperature could also play a role in recovery time 
for kokanee. The water temperature was very cold in 2010 when we released the fish, 
which could have retarded the healing process and led to increased post-surgery 
mortality. A laboratory test comparing different anesthesia methods at different water 
temperatures could assist in choosing the correct method and water temperature for 
tagging wild kokanee in Lake Roosevelt. In the wild, however, there are many more 
confounding events that could occur, but at least future researchers might have a better 
idea of how to decrease post-surgery mortality after a laboratory study.   
88 
 
Literature Cited 
 
Baldwin, C. and H. Woller. 2006a. Lake Roosevelt Fisheries Evaluation Program; 
Limnetic Fish Surveys and Examination of Some Limiting Factors for Kokanee and 
Rainbow Trout in Lake Roosevelt, 2002-2003 Annual Report. Project No. 
199404300, 60 electronic pages, BPA Report DOE/BP-00005756-8. 
 
Baldwin, C. and H. Woller. 2006b. Lake Roosevelt Fisheries Evaluation Program; 
Limnetic Fish Surveys and Examination of Some Limiting Factors for Kokanee and 
Rainbow Trout in Lake Roosevelt, 2003-2004 Annual Report. Project No. 
199404300, 68 electronic pages, BPA Report DOE/BP-00014804-3. 
 
Baldwin, C. and H. Woller. 2006 c. Lake Roosevelt Fisheries Evaluation Program; 
Limnetic fish surveys and examination of some limiting factors for kokanee and 
rainbow trout in Lake Roosevelt, 2004 Annual Report, Project No. 199404300, 72 
electronic pages. (BPA Report DOE/BP-00014804-4). Portland, Oregon 
 
Baldwin, C., J.G. McLellan, M.C. Polacek, and K. Underwood. 2003. Walleye Predation 
on Hatchery Releases of Kokanees and Rainbow Trout in Lake Roosevelt, 
Washington. North American Journal of Fisheries Management. 23:660-667. 
 
Baldwin, C. and M. Polacek. 2002. Lake Roosevelt Fisheries Evaluation Program; 
Evaluation of Limiting Factors for Stocked Kokanee and Rainbow Trout in Lake 
Roosevelt, Washington, 1999 Annual Report. Project No. 199404300, 120 
electronic pages. BPA Report DOE/BP-32148-9. 
 
Beauchamp, D. A. 1994. Spatial and temporal dynamics of piscivory: Implications for 
food web stability and the transparency of Lake Washington. Lake and Reservoir 
Management 9:151-154. 
 
Beauchamp, D.A., C. Luecke, W.A. Wurtsbaugh, H.G. Gross, P.E. Budy, S. Spaulding, 
R. Dillenger, and C.P. Gubala. 1997. Hydroacoustic assessment of abundance and 
diel distribution of sockeye salmon and kokanee in the Sawtooth Valley lakes, 
Idaho. North American Journal of Fisheries Management 17: 253-267. 
 
Beauchamp, D. A., C. J. Sergeant, M. M. Mazur, J. M. Scheuerell, D. E. Schindler, M. D. 
Scheuerell, K. L. Fresh, D. E. Seiler, and T. P. Quinn. 2004. Temporal-spatial 
dynamics of early feeding demand and food supply of sockeye salmon fry in Lake 
Washington. Transactions of the American Fisheries Society 133:1014-1032. 
 
Bevelhimer, M. S. and S. M. Adams. 1993. A bioenergetics analysis of diel vertical 
migration by kokanee salmon, Oncorhynchus nerka. Canadian Journal of 
Fisheries and Aquatic Sciences, 50: 2336–2349. 
 
 
 
89 
 
Brett, J. R. 1971. Energetic responses of salmon to temperature: a study of some thermal 
relation in the physiology and freshwater ecology of sockeye salmon 
(Oncorhynchus nerka). Journal of the Fisheries Research Board of Canada 28: 409-
415. 
 
Cichosz, T. A., J. P. Shields, K. D. Underwood. A. T. Scholz, and M. B. Tilson. 1997. 
Lake Roosevelt Fisheries and Limnological Research, 1996 Annual Report. 
Spokane Tribe of Indians to Bonneville Power Administration, Project No. 94-043. 
BPA Doc Id 32148-2. 
 
Cichosz, T. A., J. P. Shields, and K. D. Underwood. 1999. Lake Roosevelt 
Monitoring/Data Collection Program, 1997 Annual Report. Bonneville Power 
Administration, Project No. 94-043. DOE/BP – 32148-3. 
 
Clark, C. W., and D. A. Levy. 1988. Diel vertical migrations by juvenile sockeye salmon 
and the antipredation window. American Naturalist 131: 271-290. 
 
Dawidowicz, P., J. Pijanowska, and K. Ciechomski. 1990. Vertical migration of 
Chaoborus larvae is induced by the presence of fish. Limnology and 
Oceanography 35:1631- 1637.  
 
Doble, B. D., and D. M. Eggers. 1978. Diel feeding chronology , rate of gastric 
evacuation, daily ration, and prey selectivity in Lake Washington juvenile sockeye 
salmon (Oncorhynchus nerka). Transactions of the American Fisheries Society 107: 
36-45. 
 
Dodson, S. 1988. The ecological role of chemical stimuli for the zooplankton: predator 
avoidance behavior in Daphnia. Limnology and Oceanography 33:1431-1439.  
 
Eggers, D. M. 1978. Limnetic feeding behavior of juvenile sockeye salmon in Lake 
Washington and predator avoidance. Limnology and Oceanography 23(6): 1114-
1125. 
 
Fields, K., B. Scotfield, C. Lee, and S. Pavlik–Kunkel. 2004. Lake Roosevelt fisheries 
evaluation program: limnological and fisheries monitoring. Annual report 2002. 
United States Department of Energy, Bonneville Power Administration, Portland, 
Oregon. Report No.00005756–5: 196 pp. 
 
Finnell, L. M. and E. B. Reed. 1969. The diel vertical migration of kokanee salmon 
Oncorhynchus nerka, in Granby Reservoir, Colorado. Transactions of the 
American Fisheries Society. 2:245-252. 
 
Golder Associates Ltd. 2006. Upper Columbia White Sturgeon Stock Monitoring and 
Data Management Program: Synthesis Report, 1 November 2003 - 31 March 
2006. Report prepared for British Columbia Ministry of Environment, Nelson, 
B.C. Golder Report No. 05-1480-025F: 55 p. + 2 app. + plates. 
90 
 
 
Hardiman, J. M., B. M. Johnson, and P.J. Martinez. 2004. Do predators influence the 
distribution of age-0 kokanee in a Colorado reservoir? Transactions of the 
American Fisheries Society 133: 1366-1378.  
 
Heupel, M. R., J .M. Semmens, and A. J. Hobday. 2006. Automated acoustic tracking of 
aquatic animals: scales, design and deployment of listening station arrays. Marine 
and Freshwater Research, 57: 1-13. 
 
Kassler, T. W. and J. Loxterman. 2006. Mixture analysis of Lake Roosevelt fisheries and 
genetic characterization of Lake Roosevelt kokanee populations. Unpublished 
WDFW Molecular Genetics Laboratory report submitted to Bret Nine (Colville 
Confederated Tribes) August 2006. 
 
Kassler, T. W., C. M. Bowman, and B. Nine. 2010. Genetic characterization of kokanee 
within Lake Roosevelt, Arrow Lake, B.C. and surrounding tributaries. Washington 
Department of Fish and Wildlife, Molecular Genetics Laboratory, 600 Capitol Way 
N, Olympia, WA 98501. 
 
Koski, M. L. and B. M. Johnson. 2002. Functional response of kokanee salmon 
(Oncorhynchus nerka) to Daphnia at different light levels. Canadian Journal of 
Fisheries and Aquatic Sciences 59: 707-716.  
 
Koski, M. L., B. M. Johnson, and T. M. Stecklein. 2003. Effects of light on size-
selectivity of kokanee feeding on Daphnia. Journal of Fisheries Biology, 62: 
1456-1461. 
 
Lampert, W. 1989. The adaptive significance of diel vertical migration of zooplankton. 
Functional Ecology 3: 21-27. 
 
Lampert, W. 1993. Ultimate causes of diel vertical migration of zooplankton: new 
evidence for the predator-avoidance hypothesis. Archiv. fur Hydrobiologie 
Beihefte Ergebnisse der Limnologie 39: 79-88.  
 
LeClaire, R. 1997. Chief Joseph kokanee enhancement project: 1997 annual report. 
Report of the Colville Confederated Tribes for the Bonneville Power 
Administration, Project No. 950110, Portland, Oregon.  
 
LeClaire, R. 1998. Chief Joseph kokanee enhancement project. United States Department 
of Energy, Bonneville Power Administration, Portland, Oregon. Report No. 
DOE/BP-113. Project 95-113. 90 pp. 
 
Lee, C., B. Scofield, S. Pavlik, and K. Fields. 2003. Lake Roosevelt fisheries evaluation 
program: limnological and fisheries monitoring. Annual report 2000. United 
States Department of Energy, Bonneville Power Administration, Portland, 
Oregon. Report No. 00000118–1: 271 pp. 
91 
 
Lee, C., S. Pavlik–Kunkel, K. Fields, and B. Scofield. 2006. Lake Roosevelt fisheries 
evaluation program: limnological and fisheries monitoring. Annual report 2004. 
United States Department of Energy, Bonneville Power Administration, Portland, 
Oregon. Report No. 00014804–1: 202 pp. 
 
Lee, C., D. Pavlik-Kunkel, A. Miller, B. Scofield, B. Walther, and T. Knudson. 2010. 
Lake Roosevelt Fisheries Evaluation Program: 2007 Annual Report. Prepared by 
the Spokane Tribe of Indians for Bonneville Power Administration, Project No. 
1994-043-00, Contract No. 00033799.  
 
Levy, D. A. 1987. Review of the ecological significance of diel vertical migrations by 
juvenile sockeye salmon (Oncorhynchus nerka). Canadian Special Publicaitons of 
Fisheries and Aquatic Sciences 96: 44-52. 
 
Loch, J. J. 1991. Carbon dioxide as an anesthetic for handling steelhead collected at the 
Toutle River collection facility, 1990. Washington Department of Fish and 
Wildlife, Fisheries Management Division, F.M. No. 90-18. 
 
Loose, C. J. 1993. Daphnia diel vertical migration behavior: response to vertebrate 
predator abundance. Archiv fur Hydrobiologie Beihefte Ergebnisse der 
Limnologie 39:29-36.  
 
Loose, C. J., and P. Dawidowicz. 1994. Trade offs in diel vertical migration by 
zooplankton: the costs of predator avoidance. Ecology 75(8): 2255-2263.  
 
LRMT (Lake Roosevelt Management Team). 2009. Lake Roosevelt Fisheries Guiding 
Document. Prepared by the Lake Roosevelt Fisheries Managers (Washington 
Department of Fish and Wildlife, Spokane Tribe of Indians, and Colville 
Confederated Tribes). 
 
Mazur, M. M., and D. A. Beauchamp. 2003. A comparison of visual prey detection 
among species of piscivorous salmonids: effects of light and low turbidities. 
Environmental Biology of Fishes 67:397-405. 
 
McLellan, H. J. and A. T. Scholz. 2001. Meadow Creek vs. Lake Whatcom kokanee 
salmon investigations in Lake Roosevelt, 2000. Prepared by Eastern Washington 
University Fisheries Center, #2. Bonneville Power Administration. Project No. 
00000118-00001, Contract No. 96BP192246. DOE/BP-00000118-4. 
 
McLellan, H. J., C. Lee, B. Scofield, and S. Pavlik. 2003. Lake Roosevelt fisheries 
evaluation program: limnological and fisheries monitoring. Annual report 1999. 
United States Department of Energy, Bonneville Power Administration Portland, 
Oregon. Report No. 32148–8: 226 pp. 
 
92 
 
McLellan, H. J., S. G. Hayes, and A. T. Scholz. 2008. Effects of reservoir operations on 
hatchery coastal rainbow trout in Lake Roosevelt, Washington. North American 
Journal of Fisheries Management 28:1201-1213. 
 
McLellan, H. J., and A. T. Scholz. 2010. Wild kokanee tracking and movement study in 
Lake Roosevelt, 2009: Annual report. Prepared by Eastern Washington University 
Fisheries Center, #21. Bonneville Power Administration. Project No. 1994-043-
00, Contract No. 00043471. 
 
Miller, A., T. Knudson and D. Pavlik–Kunkel. 2011. Lake Roosevelt fisheries evaluation 
program: limnological and fisheries monitoring. Annual report 2008. United 
States Department of Energy, Bonneville Power Administration, Portland, 
Oregon. Document ID # P120550. Project No. 1994-093-00: 178 pp. 
 
Modde, T, R. J. Jeric, W. A. Hubert, and R. D. Gipson. 1997. Estimating the impacts of 
reservoir elevation changes on kokanee emergence in Flaming Gorge Reservoir, 
Wyoming-Utah. North American Journal of Fisheries Management 17:470-473. 
 
Narver, D. W. 1970. Diel vertical movements and feeding of underyearling sockeye 
salmon and limnetic zooplankton in Babine Lake, British Columbia. Journal of 
the Fisheries Research Board of Canada 27: 281-316.  
 
Neill, W. E. 1990. Induced vertical migration in copepods as a defense against vertebrate 
predation. Nature 345:524- 526.  
 
Northcote, T. G., H. W. Lorz, and J. C Macleod. 1964. Studies on the diel vertical 
movement of fishes in a British Columbia Lake. Internationale Vereinigung für 
Theoretische und Angewandte Limnologie Verhandlungen. 15: 940-946. 
 
Northwest Power Planning Council. 1987. Columbia River Basin Fish and Wildlife 
Program. Section 900 Resident Fish, unpublished. Northwest Power Planning 
Council, Portland, Oregon. 
 
Paragamian, V. L. and E. C. Bowles. 1995. Factors affecting survival of kokanees 
stocked in Lake Pend Oreille, Idaho. North American Journal of Fisheries 
Management 15: 208-219. 
 
Pavlik–Kunkel, D., K. Fields, B. Scofield, and C. Lee. 2005. Lake Roosevelt fisheries 
evaluation program: limnological and fisheries monitoring. Annual report 2003. 
United States Department of Energy, Bonneville Power Administration, Portland, 
Oregon. Report No. 00005756–6: 206 pp. 
 
 
 
 
93 
 
Pavlik–Kunkel, D., B. Scofield, and C, Lee. 2008. Lake Roosevelt fisheries evaluation 
program: limnological and fisheries monitoring. Annual report 2006. United 
States Department of Energy, Bonneville Power Administration, Portland, 
Oregon. Document ID P107017. Project No. 1994–043–000. Contract No. 
00024144.1: 155 pp. 
 
Rieman, B. E., and D. L. Myers. 1992. Influence of fish density and relative productivity 
on growth of kokanee in ten oligotrophic lakes and reservoirs in Idaho. 
Transactions of the American Fisheries Society 121:178-191. 
 
Scheuerell, M. D., and D. E. Schindler. 2003. Diel vertical migration by juvenile sockeye 
salmon: empirical evidence for the antipredation window. Ecology 84: 1713-
1720. 
 
Scofield, B., C. Lee, S. Pavlik, and K. Fields. 2004. Lake Roosevelt fisheries evaluation 
program: limnological and fisheries monitoring. Annual report 2001. United 
States Department of Energy, Bonneville Power Administration, Portland, 
Oregon. Report No. 00005756–1: 201 pp. 
 
Scofield, B., C. Lee, D. Pavlik-Kunkel, and K. Fields. 2005. Lake Roosevelt fisheries 
evaluation program: Annual report. Prepared by the Spokane Tribe of Indians to 
Bonneville Power Administration, Portland, Oregon. Project No. 1994-043-00 
Contract No. 00014804 
 
Scofield, B., C. Lee, S. Pavlik–Kunkel, and K. Fields. 2007. Lake Roosevelt fisheries 
evaluation program: limnological and fisheries monitoring. Annual report 2005. 
United States Department of Energy, Bonneville Power Administration, Portland, 
Oregon. Report No. 00014804–5: 197 pp. 
 
Stockwell, J. D. and B. M. Johnson. 1999. Field evaluation of a bioenergetics-based 
foraging model for kokanee (Oncorhynchus nerka). Canadian Journal of Fisheries 
and Aquatic Sciences 56 (Supplemental): 140-151. 
 
Stroud, D. H. P., G. C. Claghorn, K. A. Wagner, B. Nine, S. Wolvert, and A.T. Scholz. 
2010. Bioenergetic models for walleye and smallmouth bass to determine the 
number of rainbow trout and kokanee salmon they consume in the Sanpoil River 
Arm of Lake Roosevelt. United States Department of Energy, Bonneville Power 
Administration, Portland, Oregon. Project No. 1995–011–00. Contract No. 41540 
 
Stroud, D.H.P., T. Parsons, H. McLellan and A.T. Scholz. 2011. Wild kokanee tracking 
and movement study in lake Roosevelt: 2010 annual report. Pages 84 - 146 
(Chapter 3) in Scholz, A.T, A.O. Blake, T. Parsons, M. Korst, D.H.P. Stroud, M. 
Paluch, H. McLellan, and A. Miller. 2011. Hatchery kokanee investigations and 
sonic tracking of wild and hatchery kokanee in Lake Roosevelt, 2010 Annual 
Report. United States Department of Energy, Bonneville Power Administration, 
Portland, Oregon. Document ID# pending: 224 pp. 
94 
 
 
Taylor, E. B., A. Kuiper, P. M. Troffe, D. J. Hoysak, and S. Polland. 2000. Variation in 
developmental biology and microsatellite DNA in reproductive ecotypes of 
kokanee, Oncorhynchus nerka: Implications for declining populations in a large 
British Columbia lake. Conservation Genetics 1:231-249.  
 
Wismer, D.A. and A.E. Christie. 1987. Temperature Relationships of Great Lakes Fishes: 
A Data Compilation. Great Lakes Fish. Comm. Spec. Pub. 87-3:165 pp. 
  
95 
 
 
 
VITA 
 
Author: Tyler D. Parsons 
Place of Birth: Auburn, Washington 
Undergraduate School Attended: Eastern Washington University 
Degree Awarded: Bachelor of Science in Biology, 2009, Eastern Washington University 
Professional Experience: Research Assistant II, Eastern Washington University, 2008-
2012;  
 
Scientific Technician, Washington Department of Fish and  
 
Wildlife, Spokane, Washington, 2009 and 2013 
 
BioAide, Idaho Fish and Game, 2014 
